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Editorial Recommendations to Congress 


Articles Microwaves: E. L. Ginzton 


4 They have important uses in defense projects, industrial developments, and 
basic physical research. 
ve 


wa 1958 Parliament of Science 


Conducted under the auspices of the AAAS, it offered recommendations 
on education and the support of science. 


Mammalian Viruses and Rickettsiae: B. H. Hoyer et al. ........... 000 e cece eee 859 


Their. purification and recovery by cellulose anion exchange columns has 
significant implications. 
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Influence of Sulfhydryl Compounds on Precipitation of Plasma Protein with 
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Developmental Anomalies in Offspring of Pregnant Mice Treated with Nicotine: 
H. Nishimura and K. Nakai 


Effects of 8-Methoxypsoralen and Ultraviolet Light in Human Skin: 
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Cutaneous Vibratory Thresholds for Square-Wave Electric Pulses: J. F. Hahn ... 879 


The Molecular Formula Generalized in Terms of Cyclic Elements of Structure: 
M. D. Soffer 
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Dr. James L. Lawson, Ph.D., University 
of Michigan (19389), served at the Radia- 
tion Laboratory, Mass. Institute of Tech- 
nology, from 1940 until 1945, when he 
joined the staff of the General Electric 
Research Laboratory. He has specialized 
in studies of high-energy radiation, beta- 
ray spectroscopy, and nuclear physics. 
Since 1952 he has been manager of the 
Electron Physics Research Department. 


Uniting scientific skills 
Dr. James L. Lawson of General Electric leads 
research studies in nuclear and electron physics 


As manager of electron physics research at the 
General Electric Research Laboratory, Dr. James L. 
Lawson is responsible for programs ranging from 
nuclear physics to high-temperature electronics and 
the study of information theory. 

Dr. Lawson’s group, which includes scientists of 
many and varied skills, is uniquely able to undertake 
research projects requiring versatility, as well as co- 
operative effort. An example is the work now being 
directed toward the peaceful use of fusion power. In 
programs of such broad scope, success depends par- 
ticularly on those leaders of research who —as sci- 


entists themselves — can understand, encourage, and 
integrate the work of other scientists. 

While making contributions to his chosen profes. 
sion, nuclear physics, Dr. Lawson is at the same time 
contributing as a research leader to an atmosphere it 
which scientists have the incentives, the tools, and 
the freedom to seek out new knowledge. 
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In a PHASE-CAMERA-MICROSCOPE 
Only UNITRON offers all three: 
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Visual Eyepieces 


UNITRON’S Phase-Camera-Microscope Model 


BU-13 
as described including binocular body; 8 phase ob- 
jectives 10X, 20X, 40X, 100X oil, in both bright and 
dark contrast; paired visual eyepieces R5X, P10X, 
Kel5X; focusing telescope; four photographic eye- 
pieces 10X, 15X, 20X, Micrometer; phase condenser; 
filters; polarizing accessories; special glassware, etc. 


+1580 


FOB Boston 


$1390 


Monocular Model U-13 


THE TREND 1S TO UNITRON 


— 


35mm. Camera 


V CONVENIENCE 
JV VERSATILITY 
Vv ECONOMY 


UNITRON'S unique Phase-Camera-Microscope will assure 
you a CONVENIENCE of operation impossible to duplicate 
with a conventional microscope stand. For example, a 
specimen consisting of a tissue culture or aqueous solution 
may be examined in the very petri dish in which it has been 
prepared. Merely place the dish on the microscope stage; 
examine the contents visually, project the image on the 
viewing screen, or photograph — all in rapid sequence 
and at magnifications up to 2000X. With the inverted 
design, there is no need to contend with slipping cover 
glasses or evaporating fluids. Using the phase optics, 
you dispense with messy chemical staining. Aided by the 
self-contained illumination system and built-in cameras, you 
eliminate troublesome problems of alignment and vibration. 


UNITRON'’S Phase-Camera-Microscope, optically equipped 
for Bright and Dark Phase Contrast, bright and dark field, 
and polarized light, offers the microscopist a working tool 
of unmatched VERSATILITY. The overhead turret phase 
condenser is centerable, divisible, and provides long 
working distances sufficient even for micro-manipulation. 
Provision is included for four different cameras —3%”" 
x 4%", 35mm., Polaroid, and motion picture. Available at 
extra cost are macro accessories for magnifications as 
low as 5X and accessories for opaque specimens. This 
UNITRON model meets not only your urgent needs of 
today —its versatility is your assurance of continued 
usefulness in the future. 


UNITRON'S Phase-Camera-Microscope is the ideal all- 
purpose instrument for visual examination, viewing, and 
photo-recording. Completely equipped with an impressive 
array of optics, its cost is actually lower than that of a 
conventional phase stand, camera and illuminator — true 
ECONOMY for any laboratory. 
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Accessory 
314" x 41%4"' Polaroid 
Land Camera 


Accessory Accessory 


Motion Picture Camera 
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INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204-206 MILK STREET + BOSTON 9, MASSACHUSETTS 


i Please rush UNITRON's Microscope Catalog 4D3 j 
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THERMISTOR THERMOMETER 
£0.1°C Sensitivity 
Direct Indicating 
Quick Response 
Portable 


THERMOMETRIC BRIDGE 
Up to £0.001°C Sensitivity 
Dial Setting 
Reproducible 
Quick Response 


$-81620 


Thermistor Actuated 
Temperature 
Indicating 
Devices ..- 


$-81610 THERMISTOR THERMOMETER —A 
variable multi-range continuous indicating 
instrument for temperature measurements 
with an accuracy in the order of 0.1°C. 
The unit contains a Wheatstone bridge 
and a micro-ammeter whose scale may be 
interpreted in terms of temperature after 
calibrating a selected range. Located on 
the front panel are three calibrating and 
standardizing controls, range switch, op- 
eration switch and an element cable socket. 
A twelve position switch provides for 
coarse balance of the bridge. 

Depending on the application, select 
from the three types of elements the most 
suitable for use with the Thermistor Ther- 
mometer (see listing). Complete with dry 
cell battery, without thermometric ele- 

$125.00 
$-81600 THERMOMETRIC BRIDGE—Ther- 
mistor Actuated. For use in conjunction 
with a standard recorder or galvanometer 
for measuring and recording differential 
temperatures over the range of —10°C to 
200°C with a maximum precision of ap- 
proximately 0.001°C depending on the 
sensitivity of the indicator. The unit con- 
sists of a Wheatstone bridge circuit, one 
arm of which is an S-82075 Thermometric 
Element. Depending on the application, 
more suitable elements may be substituted. 

The balancing arm of the bridge is com- 
posed of two ten-turn resistors in series. 
The resistances are in the ratio of 100 to 1, 
providing coarse and fine adjustment. 
Wire wound resistors of low temperature 
coefficient insure stability. A ten-turn po- 
tentiometer and dry cell battery comprise 


$-81610 THERMISTOR 
THERMOMETER 


+ AS USED WITH 
RECORDER 


the power supply and provide a means of 
adjusting applied voltage from 0 to maxi- 
mum of 1.5 volts which in turn provides 
sensitivity adjustment. 

Recommended recorder range for pre- 
cise measurement, 0 to 2.5 millivolts; 
recommended galvanometer sensitivity, 
0.0003 microamperes per millimeter. Com- 
plete with S-82075 Thermistor Assembly, 
S-82076 Connecting Cable and cable for 
attachment to standard recorders or 
galvanometers. ........0.2++++$170.,00 


ELEMENTS 


S$-81620 THERMOMETRIC ELEMENT — Ther- 
mistor, Glass, Low Range, Plain. Range, 
—10°C to 100°C. With electrically shielded 
CAG’ 5% 6p cdaena beech ees cbwecnee $14.00 


$-81621 THERMOMETRIC ELEMENT — Ther- 
mistor, Glass, High Range, Plain. Same as 
S-81620 but with high resistance thermistor 
for use from 80°C to 200°C. $16.90 


$-81630 THERMOMETRIC ELEMENT — Ther- 
mistor, Glass, Low Range, with Grinding. 
Similar in construction to S- 2 but with 
10/30 grinding with a 65 immersion 
depth. With actrlentiy’ shielded d cable$16.00 


S-81631 THERMOMETRIC ELEMENT — Ther- 
mistor, Glass, High Range, with Grinding. 
Same as S-81630 but with high resistance 
thermistor for use from 80°C to 200°C $18.80 


$-82075 THERMOMETRIC ELEMENT — Ther- 
mistor, Metal, Shielded, Low Range. Com- 
plete with thermistor and chromium plated 
case and shield. Without S-82076 oe 


$-82080 THERMOMETRIC ELEMENT — Ther- 
mistor, Metal, Shielded, High Range. Same 
as S-83075 but with high resistance thermis- 
tor for use from 80°C to 200°C... 


$-81600 THERMOMETRIC BRIDGE: 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS © SUPPLIES @ CHEMICALS 





E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
‘ MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 REELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 
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“It is a great feat to have assembled so much interesting material, 
and to have put together a book containing so much fresh thought on 
a subject of fundamental interest,” F. Andrade, in NATURE. 


In FOUNDATIONS OF SCIENCE, THE PHILOSO- While the physical sciences are used as the basic 
PHY OF THEORY AND EXPERIMENT, formerly departure point, continual reference is made to biol- 
gee by Cambridge University, Dr. N. R. Camp- ogy, chemistry, astronomy, and other sciences. The 
ll, a foremost British physicist investigates funda- scientific logic of such men as Planck, Poincare, Hertz 
mental concepts in_ science, scientific method, _ and Mach, Bohr, Maxwell, and scores of others is discussed 
theory of science. His work undertakes for science throughout. Treatment is mostly nontechnical; only in 
what Whitehead and Russell attempted for Mathe- one or two places is calculus needed to follow the 
— bell h “ th lidi ‘ presentation. 
r. Campbell covers such topics as: the validity o It is difficult to imagine any person interested in 
hypothesis and theory, the relation of scientific cre-  .cience—whether a hysicist, hislemiat, sociologist, psy- 
ativity to artistic, the nature of a law of science, cri- cholo ist, philosopher, or intelligent layman—who 


teria for scientific judgments, definition of properties, x . : 
number, order, relation of order, conditions for meas- would not benefit by reading this monumental work. 


ae urement, logic and science, nature of induction, the 
eA FLL meaning of explanation, differentiating laws from 
T cAMP B numerical properties, arbitrary measurements, extra- 
polation and interpolation, theory of measurement and 

scores of similar topics. 
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FOUNDATIONS OF SCIENCE, THE PHILOSOPHY 
OF THEORY AND EXPERIMENT by N. R. Camp- 
bell. Formerly PHYSICS: THE ELEMENTS. 578 
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pages. 


F372 Paperbound $2.95 








NEW DOVER SCIENTIFIC BOOKS 


Inexpensive reprints, originals—for beginners & experts 


F374. FUNDAMENTALS OF HYDRO- & AEROMECHANICS, 
L. Prandtl & 0. Tietjens. Unabridged Engineering Soc. 
Monograph. Covers statics of liquids & gases, kinematics, 
dynamics of non-viscous fluids; emphasis on phenomena 
distinguishing motion of a free fluid from classic theory; 
boundary layers, vortices, ete. Relatively rigorous proofs, 
using vector analysis, but fundamentally physical. 186 
figures. 284 pp. Paperbd. $1.85 
F375. APPLIED HYDRO- & AEROMECHANICS, L. Prandtl 
& 0. Tietjens. Best introduction, with hundreds of situa- 
tions worked out; wide coverage, examining conflicting as- 
pects of hydrodynamics & hydraulics. Covers elements of 
hydrodynamics, laws of similarities, flow in pipes and 
channels, boundary layers, drag in bodies in fluids, airfoil 
theory, experimental methods. ‘‘Will be welcomed by all,’’ 
NATURE. 226 figures. 327 pp. Paperbd. $1.85 
F387-8. THEORY OF FUNCTIONS OF A REAL VARIABLE 
& THE THEORY OF FOURIER’S SERIES, E. W. Hobson. 
Perhaps the best introduction to sets, aspects of functions, 
Fourier series, as source, study text, refresher. Much more 
thorough than most more recent studies, more easily fol- 
lowed. Only calculus needed to follow it. Numbers, sets of 
pts., transfinite numbers, order types, functions of a real 
variable, Riemann integral, Lebesgue integral, non-absolutely 
convergent integrals, sequences & series, functions so de- 
fined, power series, functions represented by series of se- 
quences or continuous functions, sequences of integrals, con- 
struction of functions with assigned singularities, represen- 
tation of functions with limits of integrals, trig. series, 
etc. “A great contribution . . . the best possible guide 
to anyone who encounters mathematical analysis,’’ NATURE. 
“Most important exposition yet given,’”’ R. D. Carmichael. 
23 figures. Total of 1,591 pp. 2 vol. set. 

Paperbound, set, $6.00 
F391. THE TAYLOR SERIES AN INTRODUCTION TO 
THEORY OF FUNCTIONS OF A COMPLEX VARIABLE, P. 
Dienes, Full, detailed, thorough; only calculus needed 
for this shortcut. ‘‘Very useful,’’ Dtsch. Mathem. Ver. 186 
examples. 567 pp. Paperbd. $2.75 
F437. TABLES FOK DESIGN OF FACTORIAL EXPERI- 
MENTS, T. Kitagawa, M. Mitome. Latin squares, factorial 
design, fractional replication, ete. Only 300 copies avail- 
able. vil+253 pp. 7% x10. Clothbound. $8.00 
F353. TREATISE ON PLANE & ADVANCED TRIGONOM- 
ETRY, E. W. Hobson. Goes far beyond usual material to 
advanced trig. Remarkably clear exposition. Circular func- 
tions, complex numbers, theory of infinite series, exponential 
functions, hyperbolic series, etc. ‘‘Will retain its place 
as standard textbook for many years to come,’’ NATURE. 
689 problems. 66 figures. 400 pp. Paperbd. $1.95 
F413. INTRO. TO STUDY OF STELLAR STRUCTURE, S. 
Chandrasekhar. Unabridged modern classic by 
astrophysicist. 509 pp. P 





Best Inexpensive Language 
Record Course On The Market 


Here is the only language record set planned to 
help you in foreign travel. Giving practical language 
in a form you can use immediately, it will fill hun- 
dreds of your travel needs. Check these features: (1) 
Modern, no trivia, no technicalities. (2) 800 foreign 
sentences, 1% hours recording. (3) English and 
foreign language recorded, with pause for you to 
tepeat. (4) 128-page manual, with complete text, 
only fully indexed set on the market. (5) High fi- 
delity recording. GUARANTEED. Return it within 
10 days if you do not like. Wonderful for review, 
refresher, supplement for any course. In each set 
you get 3 10” 33-1/3 records, manual, album. 
F875. LISTEN & LEARN FRENCH, per set, $4.95 
F876, LISTEN & LEARN SPANISH, per set, $4.95 
F877. LISTEN & LEARN GERMAN, per set, $4.95 
F878. LISTEN & LEARN ITALIAN, per set, $4.95 











18 APRIL 1958 


F428. SCIENCE, THEORY & MAN, E. Sehroedinger. Nobel 
Laureate covers problems, implications of new physics. Role 
of play function, chance, indeterminism, causality, science 
& cultural zeitgeist, Dirac, Fermi, Heisenberg, Einstein, 
ete. No math. needed. ‘‘Most readable, lively, provocative.’’ 
NATURE. 223 pp. Paperbd. $1.35 
F395. TREES OF EASTERN AND CENTRAL U.S.A. AND 
CANADA, W. Harlow. Serious easily followed study identify- 
ing native trees and important escapes. Full text on folklore 
of trees, uses, identification; over 600 illustrations. 301 
pp. Paperbd. $1.35 
F367. 101 PUZZLES IN THOUGHT & LOGIC, C. Wyllie, 
Jr. ENTIRELY NEW! No knowledge of math needed to 
solve these entertaining puzzles, only ability to reason 
clearly. Weeks of spare-time fun here. 128 pp. 

Paperbd. $1.06 





F431. BRIDGES AND THEIR BUILDERS, David 
Steinman and S. R. Watson. 


Written by the world’s foremost bridge engineer and archi- 
tect, this book covers bridge-science from earliest times to 
the present: ideas behind bridge engineering, great men who 
built bridges, special difficulties. Why Eads packed the St. 
Louis Bridge in ice; why the Quebec Bridge collapsed twice 
during building; why the Brooklyn Bridge has more cables 
on one side than the other; why the Puget Sound Bridge 
was called Galloping Gertie, until it collapsed . . . hun- 
dreds of other facts, stories. Covers primitive, oriental, 
Rome, Middle Ages, Renaissance, Stephenson, Roebling; ex- 
planation of types of bridges, stresses, aerodynamic flows, 
rocker towers, eyebar chains, etc. ‘‘Authoritative & com- 
prenensive,’”” N.Y. TIMES. New revised edition. 49 {llus- 
trations. 418 pp. F431 Paperbound $1.95 





F366. APPLIED OPTICS AND OPTICAL DESIGN, A. 
Conrady. Only modern practical step-by-step text on de- 
sign of optical equipment, theory. ‘‘As a practical guide, 
has no rival,”” TRANS. OPTICAL SOC. 150 illustrations. 
528 pp. Paperbd. $2.95 
F27. NON-EUCLIDEAN GEOMETRY, R. Bonola. Standard 
history & exposition, with texts by Bolyal & Lobachevsky. 
180 diagrams, 431 pp. Paperbd. $1.95 
F81. PRINCIPLE OF RELATIVITY, Einstein, Lorentz, 
Weyl, Minkowski. 11 papers founding relativity, translated. 
“‘Indispensable,”” NATURE. 224 pp. Paperbd. $1.75 
F349. ORDINARY DIFFERENTIAL EQUATIONS, E. L. 
Ince. Real & complex domains. ‘‘Highest praise,’’ BULL. 
AM. MATH. SOC. 546 pp. Paperbd. $2.55 
F377. FOUNDATIONS OF PHYSICS, R. Lindsay, H. Mar- 
genau. ist-rate coverage of ideas & methodology of physics. 
Theory, logic of science, similar topics. Not a text but 
mature work for reader with background. 
tecommended,’’ NATURE. 577 pp. Paperbd. 
F109. VECTOR & TENSOR ANALYSIS, G. E. Hay. Start 
with simple definitions, finish understanding vectors and 
tensors. 201 pp. Paperbd. $1.75 
F361. THERMODYNAMICS, E. Ferml. ‘‘May be recom- 
mended as clear, very accurate introduction,’”’ JOURNAL 
OF PHYSICAL CHEMISTRY. 170 pp. Paperbd. $1.75 
F193. HIGHER MATHEMATICS FOR STUDENTS OF 
CHEMISTRY AND PHYSICS, J. Mellor. Practical rather 
than theoretical, bases situations on lab situations; inte- 
gral, differential calculus, theory of error, ete. 662 pp. 
Paperbd. $2.00 
F370. CALCULUS REFRESHER FOR TECHNICAL MEN, 
A. Klaf. 756 detailed questions, answers provide brush-up 
for students, technical men, etc. Also 566 problems, odd- 
numbered answered. 436 pp. Paperbd. $2.00 
F107. PSYCHOLOGY OF INVENTION IN THE MATHE- 
MATICAL FIELD, F. Hadamard. Where ideas come from, 
role of unconscious, how Einstein, others, developed new 
ideas. 158 pp. Paperbd. $1.25 


F10. LANGUAGE, TRUTH, & LOGIC, A. Ayer. Clear intro. 
to logical positivism. ‘‘Should like to have written it my- 
self,’’ Bertrand Russell. 160 pp. Paperbd. $1.25 
F440. MATHEMATICS IN ACTION, 0. G. Sutton. In an 
exposition any intelligent person can follow, noted British 
mathematician tells how advanced math is applied to 
meteorology, airfoil theory, electronics, calculating ma- 
chines, wave motion, statistics, etc. 88 figures. 244 pp. 
Clothbd. $3.50 
F97. CRYPTANALYSIS, H. F. Gaines. Best text for serious 
Yeader; modern techniques, easy to follow; much not gen- 
erally known save to experts. 168 fascinating crypts, also, 
for solution. Solutions. 236 pp. Paperbd. $1.95 
F295. HOW TO CALCULATE QUICKLY, H. Sticker. Tried, 
true method, over 9,000 problems, solutions, enable you 
to develop number sense: techniques not taught in schools. 
Left to right multiplication, division at sight, ete. 256 
pp. Paperbd. $1.00 
F335. MATHEMATICS, MAGIC & MYSTERY, Martin Gard- 
ner. Delightful acct. of ideas behind topology tricks, card 
tricks, Moebius strips, Curry squares (which “prove” that 
sum of parts is greater than whole) etc. How Sam Loyd 
could make a Chinaman disappear. 135 illustrations. 186 
pp. Paperbd. $1.00 
F359. MATHEMATICAL EXCURSIONS, H. Merrill. 90 
puzzles, hundreds of shortcuts not taught in schools: fac- 
toring at sight, mnemonic systems for numbers, ete. 145 
Pp. Paperbd. $1.00 
F198. MATHEMATICAL PUZZLES FOR BEGINNERS AND 
ENTHUSIASTS, G. Mott-Smith. 188 puzzles of most inter- 
esting sort, detailed solutions. 248 pp.  Paperbd. $1.00 
F164. (.TRO. TO SYMBOLIC LOGIC, Susanne Langer. 
Start on simple level, finish mastering Boole-Russell logics. 
368 pp. Paperbd. $1.75 
F394. FADS & FALLACIES IN THE NAME OF SCIENCE, 
Martin Gardner. Enlarged revised edition of the standard 
coverage of cults, fallacies, fads masquerading as science: 
Atlantis, Reich’s orgone energy, flying saucers, General 
Semantics, Bridey Murphy, psionics, ete. Covers astronomy, 
physics, dici geology, phil hy, etc. Not only most 
fascinating reading but a real eye-opener: ‘‘Should be 
read by everyone, scientist and non-scientist alike,’ R. T. 
Birge, Former President, American Physical Society. 375 pp. 
Paperbd. $1.50 
All books standard 5% x 8 unless otherwise specified. 
Dept. 147F Dover Publications, Inc. 
920 Broadway, N.Y. 10, N.Y. 
Please send me the books circled below: 

F10 F27 F8l1 F97 F107 

F162 F164 F193 F198 F295 

F353 F359 F361 F366 

F372 «4F374 «F375 F377 
F394 F413. F428 F431 
F440 F876 F877 F888 
I am enclosing $ in full payment. Pay- 
ment in full must accompany all orders except those 
from libraries or public institutions, who may be 
billed. Please add 10¢ per book to your remittance 
(for postage and handling charges) on orders less 
than $5. On orders of $5 or more, Dover pays post- 
age and handling charges. Please print 





F109 
F335 
F367 
F387-8 


Address 


GUARANTEE: Your satisfaction is guaranteed. Any 
Dover books may be returned within 10 days of re- 
ceipt for full and immediate cash refund. No ques- 
tions asked. 
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Scientists and Librarians 








iI. R. MAXWELL & CO. LTD. | 


‘THE WORLD’S LEADING DEALER AND STOCKIST OF OUT-OF-PRINT 
AND DIFFICULT TO GET SCIENTIFIC AND MEDICAL PUBLICATIONS 


Urgent need for your “no longer required” or surplus journals and books 


on your shelves or in your attic 


We urgently require individual volumes and complete sets of the titles listed herewith for university and industrial libraries at home 
and abroad. Please check this list and inform us if you have any of these available. We shall pay highest market prices and be most grate- 


ful for any you can offer. 


— 


You may also send us as soon as you can a complete list of your surplus books and journals of which you are willing to dispose. Im- 
mediately after the receipt of your letter, we will send you our cash offer with instructions. If required, we can arrange assistance for pack- 
ing. We shall also be very pleased to help you fill from our stock of over 1,000,000 volumes your requirements for out-of-print or “difficult to 
get” books and journals. Please send us your inquiries. 





Jrnl. Electrochemical Soc. of Japan (Denki 
Kagaku) : 1933-1955 

Jrnl. of Pharmacy & Pharmacology: 1940-— 
955 

Jrnl. Soc. of Leather Trades Chemists: 
1940-1955 


Metall : 1940-1955 

Acustica : 1951-1955 

Aeronautical Engineering Review: 1944— 
955 


Annales des Telecommunications: 1946— 
955 


Applied Mathem. Series—Nat. Bur. of 


Standards, U.S.A. : 1948-1955 
Applied Spectroscopy : 1950-1955 
Experimental Cell Research : 1950-1955 
Food Research : 1936-1955 
Geophysics : 1950-1955 
Jrnl. des Recherches-Centre 

Rech. Scientifique : 1946-1955 
Jrnl. of Geophysical Research : 1950-1955 
Radio & Tele. News: 1950-1955 
Science Reports of the Research Inst. To- 

hoku Univ. Ser. Physics, Chemistry 

& Metal: 1949-1955 
bo beatae Foundrymen’s Soc.: 1950— 

vo 


Bell Laboratories Record : 1940-1955 
Berichte-Deutsche Botanische Gesell. 1930- 
vv 


Nat. de la 


Brennstoff-Chemie : 1920-1955 


Bull. Seismological Soc. of America: 1940 
vv 


Canadian Jrnl. of Botany : 1935-1955 

Canadian Jrnl. of Physics : 1935-1955 

Canadian Jrnl. of Zoology : 1929-1955 

Chemical & Process Engineering : 1980-55 

Concrete & Constructional Engineering: 
1939-1955 


Reports on the Progress of Applied Chem- 
istry : 1916-1955 

Trans. American Inst. of Electrical Engi- 
neers : 1945-1955 

Bull. Chemical Soc. of Japan : 1928-1955 

Bull. Inst. for Chemical Research Kyoto 
Univ. : 1930-1955 

Jrnl. of Petroleum Technology : 1949-1955 


Jrnl. of Science of Food & Agriculture: 
1950-195 


Jrnl. Physical Soc. of Japan : 1946-1955 

Pharmacological Reviews 

Trans. of Newcomen Soc. : 1950-1955 

Trans. Soc. of Naval Architects & Marine 
Engineers : 1950-1955 

Welding & Metal Fabrication : 1950-1955 





Single issues and duplicate volumes as well as complete or part sets of the above-mentioned journals 
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Recommendations to Congress 


Publication in this issue of the full report of the Association’s recently 
held Parliament of Science will give readers a chance to judge for themselves 
what the Parliament accomplished. Press assessment has varied from rea- 
sonably enthusiastic praise to the strong criticism that while the Parliament 
discussed a number of important issues it usually did not carry the discus- 
sion to the point of making concrete recommendations about what should 
be done. Judgments about the holding of the meeting have been more uni- 
form: most commentators have agreed that the effort itself was a good 
one and that the Association should be commended for bringing the think- 
ing of scientists to bear on problems of science and public policy. 

Such a meeting is one means through which scientists can express their 
judgment on matters of public policy, but it is not the only means. Indi- 
vidual judgments are also necessary, and individual judgments may be more 
specific in recommending action that the individual considers desirable. 

There is now a quite specific opportunity to make known one’s individual 
views on how the Federal Government can give the most help toward the 
improvement of education. Senate and House committees have held hear- 
ings on education bills and will soon report their recommendations—prob- 
ably in the form of a new bill, or bills, embodying whatever the committees 
decide to retain of the original proposals. There is considerable uncertainty 
about how the various differences will be compromised, especially on one 
point. Last year and the year before, Congress defeated proposals that fed- 
eral funds be used for the construction of new school buildings. This action 
was largely determined by the segregation issue; some members insisted that 
a segregation clause be included in the legislation; others refused to vote 
for the bill if a segregation clause was included; some saw a favorable vote 
on the segregation clause as a means of insuring ultimate defeat of the whole 
bill. 

This year both of the major education bills [see Science 127, 389, 21 Feb. 
1958) ] emphasize improvement of the quality of education and say nothing 
about school construction. School construction proposals are still very much 
alive, however, and it is quite likely either that this feature will be included 
when the bills are reported out of committee or that amendments will be 
offered during debate. Either way, the segregation issue will rise again. The 
result will probably be defeat for school construction funds and quite pos- 
sibly for the other proposals as well. 

Supporters of the idea that federal funds can best be used to raise educa- 
tional standards and to improve the quality of education are therefore faced 
with a problem of practical politics. Even though they may not oppose the 
use of federal funds for school construction per se, they have to decide 
whether to support or to oppose the addition of school construction pro- 
posals to the present bills. Support for the inclusion of money for school 
construction will probably not be strong enough to secure adoption of this 
legislation, and may indirectly help to defeat the other educational pro- 
posals. Opposition may appear to be a denial of one of education’s real 
needs, but it may on the contrary actually increase the chances of getting 
the other proposals approved by Congress. 

In the collective judgment of the Parliament of Science, efforts to improve 
the quality of teaching and education should take priority over the con- 
struction of more classrooms. The Parliament did not go beyond the state- 
ment of this principle, however, to indicate what actions should be taken 
in such a practical dilemma as the one that faces Congress. Scientists, to- 
gether with faculty members in all fields and at all levels, have a major 
interest in how Congress resolves this problem. The members of Congress 
will be helped by knowing what individual scientists and educators recom- 
mend.—D.W. 
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The Effects of Ionizing Radiation in Liquid Systems aV 


Determination of the effects of 
ionizing radiation in liquid sys- 
tems is a challenging problem. 
Many physical models of the 
liquid phase have been proposed, 
and some success has attended 
their use. Although short-range 
molecular order appears to exist, 
complete disorder occurs at dis- 
tances substantially greater than 
the molecule size, where the in- 
dividual molecules wander 
through the system im a random 
manner. This condition, com- 
bined with the difficulty of meas- 
uring directly the changes in 
physical and chemical properties 
of the liquid molecules, compli- 
cates the analysis of ionizing- 
radiation effects in liquid systems. 


Experimental Techniques 

The experimental techniques 
usually adopted to study radia- 
tion effects are: measurement of 
the change of some solute in 
solution, or measurement of the 
yield of some product formed by 
the action of radiation. Analyses 
of radiation-formed products can 
be used to develop a mechanism 
for explaining the interaction of 
the incident radiation. Several 
Van de Graaff® accelerators, in- 
cluding those at the University of 
Notre Dame and the Brookhaven 
National Laboratory, are present- 
ly being used in studies of 
liquids under electron or x-ray 
bombardment. 


Water Studies 

One of the best-known liquids, 
which has received a great deal 
of attention from radiation chem- 
ists because of its importance in 
many radiobiological and radio- 
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Versatile 1-Mev Van de Graaff accelerates 
electrons or positive ions and produces 
x-rays or neutrons for radiation research. 


chemical systems, is water. The 
generally accepted result of the 
interaction of a charged particle 
with a water molecule is disso- 
ciation, resulting in the produc- 
tion of free H and OH radicals. 
These may combine to re-form 
water or the molecular products 
H,O, andH,, or they may diffuse 
from the site of their formation 
to react with solute molecules in 
solution?. Studies of the kinetic 
behavior of these radicals have 
been important in analyzing 
many radiation-induced reactions. 

A ee experimental method 
of studying the effects of these 
radicals is to investigate the radi- 
ation yield in the wet and dry 
states. This will give the percent- 
age of radiation-induced changes 
caused by the transfer of radia- 
tion energy from the solvent 
molecules to the solute. The ad- 
dition of scavenger molecules 
which compete with the solute 


R. H. Fowler, N. B. Slater, Trans. Far. Soc. 34, 81, 1937 
2. A. O. Allen, Rad. Res. 1, 85, 1954 oie 
3. H. Schwartz, J.A.C.S. 77, 4960, 1955 


for radicals will give some indi- 
cation of the relative reactivity of 
the radicals.3 

Energy Levels 

Since the energy of dissocia- 
tion of typical liquid molecules 
is of the order of tens of elec- 
tron volts, while the energy trans- 
ferred from the incident radia- 
tion may be many hundreds of 
electron volts, it is difficult to 
measure the direct effect on the 
individual molecules. Although 
values of ionization and excita- 
tion energy have been extra- 
polated from gas-phase studies, 
it is not easy to relate the effect 
of the molecular binding energy 
in the solution to the dissociation 
energy. About the best that can 
be done is to obtain as uniform 
as possible a distribution of ra- 
diation energy throughout the 
system and to assume that all 
secondary electrons have the same 
probability of interaction as the 
primary beam, The yield is then 
calculated in terms of the num- 
ber of molecules changed per 
unit-energy input. The unit is the 
so-called G value which meas- 
ures the number of molecules 
changed or formed per 100 elec- 
tron volts, 

Although the analysis of radia- 
tion-induced changes in liquid 
systems is complex, great strides 
have been made during the past 
few years, With the availability of 
homogeneous beams of charged 
particles from Van de Graaff ac- 
celerators, which permit wide se- 
lection of energy and -current 
values, it is expected that even 
greater success will be attained 
in the near future, 


Write for a copy of our new 
particle- accelerator catalog. 
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CURRENT PROBLEMS IN RESEARCH 





Microwaves 


They have important uses in defense projects, 


industrial developments, and basic physical research. 


Although the term microwave is often 
encountered in the technical and scien- 
tific literature, it may be well to begin 
this review by restating the meaning of 
this term as it is known to the workers 
in the field. It is convenient to think of 
the electromagnetic spectrum as being 
divided into two parts which differ from 
each other in the methods available for 
the generation and detection of radia- 
tion. The first of these regions, that of 
shorter wavelength, is characterized by 
the fact that both generation and detec- 
tion of radiation involve quantum effects 
(such as the radiation of light from an 
atom arising from the transition of elec- 
trons from one energy state to another). 
In this region can be listed cosmic radia- 
tion, visible light, infrared, and so on. 
The second part of the electromagnetic 
region, called the radio region, is char- 
acterized by the fact that electromag- 
netic energy can be generated by the 
circulation of electrical currents through 
conductors and, in contrast to the first 
case, the frequency of radiation can be 
controlled by selecting the size and con- 
figuration of electrical circuit elements. 
It is the extreme high-frequency end of 
the radio spectrum which is called the 
“microwave region,” and these radio 
waves are called, for brevity, “micro- 
waves.” This qualitative definition of 
microwaves indicates that a clear dis- 
tinction cannot be made between micro- 
waves and short radio waves on the one 
hand, and microwaves and infrared radi- 
ation on the other. 

At the present time, for various reasons 
which will be considered, it has not been 
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possible in any practical way to generate 
radiation having a wavelength shorter 
than a few millimeters. The long-wave 
end of the microwave region is also 
vague, and microwave devices and tech- 
niques are occasionally used at frequen- 
cies which are attainable by refinement 
of ordinary radio devices and practice. 
Thus microwave principles and tech- 
niques are sometimes found useful at 
wavelengths as long as 100 centimeters. 
Expressed in units of frequency, the mi- 
crowave region can be said to extend 
from about 300 megacycles to about 
150,000 or 200,000 megacycles. This is 
a very large frequency domain, which 
provides room for many classes of radio 
service which find themselves crowded 
in the ordinary radio region which, by 
comparison, covers only a few hundred 
megacycles. 

In considering the objectives of re- 
search in this field, it is important to ob- 
serve that, in contrast to many branches 
of science, there is no intrinsic interest 
in conducting research in this field in 
itself. Whereas, for example, one can 
study cosmic particles in the hope that 
this study will shed new light on the 
basic properties and laws of nature, the 
study of microwaves in the same sense 
is pointless. The study of electromagnetic 
phenomena in the visible and radio 
regions during the last century has firmly 
established fundamental principles, and 
these, of course, govern the behavior of 
microwaves as well, even though the gen- 
eration and observation of microwave 
phenomena did not become really prac- 
tical until quite recently. 


CIENCE 


This does not imply, of course, that re- 
search which makes use of microwave 
fechniques is not possible or profitable— 
quite to the contrary. The availability 
of electromagnetic radiation in the mi- 
crowave region has opened up broad 
new areas of research in many fields. The 
significance of microwave research can 
perhaps be best understood by briefly de- 
scribing some of the major fields of ac- 
tivity made possible by the development 
of methods of generation, detection, and 
measurement of microwave radiation. 
This will be attempted in the section on 
“Current applications” below. 

It is important, then, to observe that 
research in the microwave field is clearly 
governed by the possible applications to 
which a particular discovery or develop- 
ment might lead. In other words, re- 
search in the microwave field must, of 
necessity, be applied research, always 
directed toward a useful goal in some 
other field. The fact that microwave re- 
search is of applied nature does not 
mean that the work is either mundane 
or of limited interest. Both the nature 
and methods of research are often most 
challenging, and it is gratifying that the 
results of the work frequently find ap- 
plication as both tools of fundamental 
research and in more conspicuous practi- 
cal applications. Examples of the former 
are the use of microwaves in spectros- 
copy, in radio astronomy, and in par- 
ticle accelerators; and of the latter, their 
use in radar, television relays, communi- 
cations, navigation, cancer therapy, food 
sterilization, and home cooking ranges. 

Since microwaves are radio waves, it 
is not surprising that the problems en- 
countered in the field are those well- 
known in radio technology. These are: 
methods of generation and amplification 
of radiation; reception, detection, and 
amplification of incoming signals; and 
methods of measurement of the electri- 
cal quantities which are needed to de- 
scribe accurately the behavior of elec- 
tromagnetic waves in an experiment or 
system. Just as often happens in the or- 
dinary radio region, many of the new 
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ratory, W. W. Hansen Laboratories of Physics, 
Stanford University, Stanford, Calif. 


841 











microwave problems arise because it be- 
comes of interest or importance to try 
to work at frequencies which have not 
been successfully used before; or to gen- 
erate a greater amount of power than 
has been heretofore possible; or to try 
to find methods of amplification which 
would permit the detection of weaker 
signals, more closely approaching the 
theoretical limits imposed upon a given 
system by its temperature. All of these 
are practical problems, but their solu- 
tion may permit, for example, a better 
understanding of molecular structure, or 
a novel astronomical observation. 

In addition to describing the various 
applications of microwaves for the pur- 
pose of general interest, this article will 
be concerned with discussion of some of 
the problems that are encountered in 
finding means to generate, detect, and 
amplify power in a manner dictated by 
those applications which are now known 
to the workers in the microwave field. A 
more complete discussion of the princi- 
pal areas of application of microwaves 
would be beyond the scope of this ar- 
ticle. 


Origin 

There are four general reasons for the 
original and continuing interest in the 
microwave region. First, the development 
of successful methods of generation and 
detection of microwaves has made pos- 
sible the investigation of certain classes 
of physical and chemical phenomena; 
microwave molecular spectroscopy is an 
example of one technique which is used 
in this work. Second, the wavelength of 
microwaves is so short that it is quite 
practical to build transmitting and re- 
ceiving antennas which are large com- 
pared with the wavelength; thus, many 
principles of physical optics can be made 
to apply, and as a consequence, it is pos- 
sible to focus and direct microwave 
radiation in a manner similar to that of 
light. Third, the wavelength of micro- 
waves is still sufficiently long so that 
these waves, like ordinary radio waves, 
are not scattered and stopped by rain, 
fog, or clouds. Fourth, as mentioned be- 
fore, the region between the shortest and 
the longest end of the microwave region 
is extremely wide in terms of frequency. 
Until the advent of microwave devices, 
all types of radio service had to be con- 
tained within a region of a few hundred 
megacycles, Consequently, the develop- 
ment of radar systems and of equipment 
for aircraft navigational and blind-land- 
ing aids and the expansion of communi- 


842 


cations of all types became feasible only 
after the microwave region of the spec- 
trum became usable. The microwave 
region extended the frequency range 
available by a factor of approximately 
a thousand and will probably provide 
sufficient room for most of the foresee- 
able demands for many years. 

It is difficult to present an accurate 
historical account of research in the mi- 
crowave field because it developed slowly 
at first and extremely rapidly in the re- 
cent past, It is of interest to note that 
the first experimental verification of 
Maxwell’s theories was carried out by 
Heinrich Hertz in 1888, and that this 
work was in the microwave region. In a 
series of now-famous experiments, Hertz 
demonstrated the feasibility of radio 
propagation and the identity of Maxwel- 
lian radiation and ordinary light by 
showing that, like light, “microwaves” 
obeyed the known optical laws of reflec- 
tion, refraction, and polarization. These 
experiments were repeated by others, 
and, after a rapid improvement in tech- 
nology, the first radio communication 
was established. In the course of the 
original development the primary inter- 
est centered on the problem of com- 
munication over long distances and, 
hence, the need for comparatively high 
power. This could then be obtained only 
at longer wavelengths, and the original 
“microwaves” were all but forgotten. 
Serious interest in the possible use of 
very-short-wavelength radiation did not 
begin until the mid-1930’s, when it be- 
came increasingly evident that methods 
of rapid, precise detection of aircraft 
through fog, clouds, and darkness would 
be of great military value. 


Development 


From the time of the early workers 
in the field—Hertz, Lodge, Muirhead, 
Popoff, Braun, Tesla, Marconi, and others 
—to the beginning of the intense develop- 
ment work in the late 1930's, many sig- 
nificant contributions had been made by 
scientists throughout the world. The ex- 
periments of Hull with the split-anode 
magnetron in the early 1920’s and the 
further development of this device by 
workers in Japan, made it possible to 
generate small but significant amounts of 
microwave power. In the early 1930’s, 
work began on molecular spectroscopy, 
and this and related research led to fur- 
ther improvement in methods of genera- 
tion, detection, and measurement. 

Theoretical studies in the 1930’s were 
also of major importance. Southworth 





and his collaborators at the Bell Tele- 
phone Laboratories, and Barrow at 
Massachusetts Institute of Technology, 
discovered the principles of guided prop- 
agation which eventually led to the wide- 
spread use of hollow pipes as a means 
of conducting electromagnetic energy 
from one place to another, instead of the 
wires which had been used before. The 
development of these transmission-line 
concepts was fundamental, since they 
made possible a system for transmission 
of high-frequency power without appre- 
ciable loss (which would otherwise be 
expected), and also because they pro- 
vided an understanding of the behavior 
of electromagnetic waves in bounded 
regions. Another important contribution 
during this period was due to Hansen at 
Stanford University, who showed that 
empty or dielectric-filled containers 
could act as resonant circuits, just as the 
coil and condenser do at the lower radio 
frequencies. 

In the middle 1930’s the generation 
of microwave power in the amounts re- 
quired for practical applications was 
difficult for two principal reasons. In all 
power-generating devices which use elec- 
trons it was considered necessary that 
the flight-time of the electrons across 
a given electron tube be small compared 
with the period of a single cycle of the 
radio-frequency wave. This was thought 
to be a fundamental limitation on the 
generation of high-frequency power 
since, if the time of flight were a full 
cycle, any work done by the electrons 
on the circuit during the first half-cycle 
would be cancelled by the work done by 
the circuit on the electrons during the 
second half-cycle. Electron tubes were 
designed, then, so that the flight time 
was negligible compared with a cycle, 
and this in turn meant that it was neces- 
sary to make the tubes smaller and 
smaller as the intended frequency in- 
creased. Because of this limitation, and 
the necessity of using low-efficiency coil- 
and-condenser circuits, it appeared that 
it would be impossible to generate any 
substantial amount of power at micro- 
wave frequencies—not enough, in any 
case, to be useful for most practical ap- 
plications. 

The fundamental “transit-time” limi- 
tation mentioned above was eventually 
circumvented by a new method of obtain- 
ing radio-frequency power in electron 
tubes. The new development was the re- 
sult of the discovery of the so-called “ve- 
locity modulation” of electron streams, 
which was due to Heil and Heil in Ger- 
many, the Varian brothers at Stanford 
University, and Hand and Metcalf at 
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General Electric. Instead of attempting 
to make the electron flight-time inside 
the vacuum tube small, the principle of 
velocity modulation made intentional use 
of transit times which were very large. 
To convert a homogeneous electron 
stream into a pulsating one which could 
deliver power to a high-frequency cir- 
cuit, the electrons were made to bunch 
along their path because of the differ- 
ence in their speeds. 

The combination of the principle of 
velocity modulation of electron beams 
and the “cavity” resonators of Hansen 
led to the important development, in 
1937-39, of the “klystron” tube, which 
proved capable of performing, at micro- 
wave frequencies, many of the tasks ex- 
pected of the conventional vacuum tube 
at lower radio frequencies. 

The beginning of World War II ac- 
celerated the development of the micro- 
wave field by demanding greater power, 
better detection systems, and a more 
complete understanding of the various 
problems associated with the use of mi- 
crowave methods for radar and com- 
munication, Important discoveries in 
England led to rapid development of the 
magnetron and eventually permitted this 
device to deliver a peak power of several 
million watts at wavelengths in the 
neighborhood of 10 centimeters, 

It is not appropriate to attempt a 
complete description of the many sig- 
nificant accomplishments in microwave 
technology during the war. However, it 
may be of interest to note that the work 
of the Radiation Laboratory of Mas- 
sachusetts Institute of Technology even- 
tually led to the publication of a 20-vol- 
ume series which dealt with the theory 
and application of microwaves to the 
radar problem. Because of the impor- 
tance of the problem, the state of the 
microwave art advanced a remarkable 
distance in a short period of five years. 
Not only were many complicated and 
successful systems developed, but theo- 
retical understanding of almost all as- 
pects of the field also reached a point 
of near perfection. The practical devices 
which emerged from this work were far 
advanced in nearly every major respect. 
For example, more peak power could 
now be obtained at microwave frequen- 
cies than had been obtained at the lower 
radio frequencies; radio receivers could 
distinguish signals which were only ten 
times as large as the noise due to natural 
causes (thermal agitation) in the cir- 
cuits themselves; theory and design of 
antennas were highly developed; meas- 
urement techniques were perfected to 
the point where all of the usual electrical 
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quantities could be measured nearly as 
well as they could be in the radio region, 
which had been under study for the pre- 
ceding 50 years; the theory of the be- 
havior of electromagnetic waves in closed 
regions was highly developed, and the 
transmission theory could be considered 
virtually a closed topic except for de- 
tails of design. 

As a result of these war-time develop- 
ments, it was clearly evident that the fu- 
ture of the microwave field held great 
promise. Many of the expectations of 
this period have been fulfilled in post- 
war developments. Some of the more 
important of these are described below. 


Current Applications 


Communications and defense. Perhaps 
one of the simplest and most direct con- 
sequences of the war-time developments 
is the use of radar for maritime purposes. 
Today every large ship carries one or 
more radar sets for the purpose of navi- 
gation in bad weather. Although present 
maritime rules prohibit navigation solely 
by radar, its use contributes in large 
measure to the prevention of serious 
maritime accidents. Maritime radars are 
designed to indicate the presence of ships, 
land masses, icebergs, and other objects 
at distances as far as the horizon. Other 
types of radar are designed to locate 
accurately objects close by, and this in- 
formation is useful in navigation through 
narrow channels, in harbors, rivers, and 
in the Great Lakes. 

Radar is equally useful in the naviga- 
tion of aircraft. Although an ideal navi- 
gational system has not yet been devel- 
oped, radars of several types are in 
constant operation at every major com- 
mercial airport; these are used to estab- 
lish safe traffic patterns by stacking and 
controlling the aircraft and are also used 
to assist in landing the aircraft in bad 
weather. Some modern aircraft also carry 
airborne radar which permits them to 
detect adverse weather conditions which 
are not suitable for convenient or safe 
flight. 

One of the principal present uses of 
microwaves is in providing a means of 
communication where a broad frequency 
bandwidth, on the order of several mega- 
cycles, is required. This bandwidth is 
necessary for rapid transmission of sig- 
nals which contain a large amount of in- 
formation, television being an important 
example. In the United States today, 
every major city can now receive tele- 
vision programs which originate any- 
where else in the United States. This is 


accomplished by transmitting microwave 
power over short distances, say 20 miles, 
and repeating the transmission to cover 
longer distances. Many countries in 
Europe and elsewhere have similar net- 
works of “repeater” transmitters either 
in operation or in development. Some 
of these countries are also developing 
similar relay networks to augment or re- 
place the older wire systems of telephone 
communication. In many parts of the 
world, microwave methods provide the 
Only practical form of communication. 
In addition, the recently developed form 
of microwave relay communication which 
uses the method of scatter-reflection from 
the atmosphere makes possible relatively 
long-distance communication; and this 
provides means of communication in 
those sections of the world where closely 
spaced relay links are either impractical 
or unnecessary. 

The applications of microwaves in de- 
fense systems are both numerous and 
important. Microwave applications are 
found in nearly every branch of the mili- 
tary service and are used for radar, com- 
munication, and navigation, and for the 
launching, guidance, and fusing of mis- 
siles. Some of the defense projects which 
use microwave techniques have reached 
very large proportions as, for example, 
the DEW radar line being built jointly 
by Canada and the United States. 

Science and industry. Just as spectros- 
copy studies of the emission and ab- 
sorption of visible radiation have led 
to an understanding of atomic struc- 
ture, spectroscopy studies 
have brought about a more complete 
understanding of molecular structure. A 
number of potential applications of great 
importance have come from this work. 
An example of these is the development 
of the “atomic clocks.” In one of these 
atomic clocks, use is made of the spectral 
line associated with the characteristic in- 


microwave 


version frequency of an ammonia mol- 
ecule. This line, located conveniently at 
23,870 megacycles, is extremely stable 
and is therefore useful as a frequency 
standard. This spectral line can be ob- 
served either by finding the center of the 
absorption band or, alternatively, by the 
recent discovery of “induced emission” 
im a device called the “maser,” which 
will be described in greater detail later. 
By using one of these methods, it is pos- 
sible to construct a device which will 
produce microwave signals whose fre- 
quency can be made considerably more 
stable than the frequency of any other 
man-made source. By reducing the fre- 
quency by conventional electronic meth- 
ods to the neighborhood of 1000 cycles, 
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it is possible to use this frequency to 
operate an ordinary clock. The time de- 
rived from an atomic clock by such 
methods promises to provide a new 
standard of time, which will be indepen- 
dent of the fluctuations which are known 
to occur in the present standard, the 
rotational frequency of the earth. If 
atomic clocks can be made to attain the 
precision which present experience in- 
dicates is possible, many important dis- 
coveries and practical developments 
should result. In the field of science, for 
example, it should be possible to, repeat 
the famous but inconclusive experiment 
of Michelson and Morley to more accu- 
rately ascertain whether ether drift does 
not, in fact, exist. Another application is 
the possibility of devising completely 
laboratory-contained experiments to test 
the theory of relativity. 

One of the possible practical applica- 
tions of extremely stable frequency 
sources is that of devising new types of 
navigational systems for use in the air 
and at sea, and possibly—should the 
need arise—in the space beyond the 
earth. If a radio transmitter and receiver, 
with oscillators operating at precisely 
the same frequency, are located, respec- 
tively, at a fixed station and on a mov- 
ing vehicle, then the motion of the ve- 
hicle will result in the received signal 
being Doppler-shifted. By comparing the 
received signal with one generated in the 
vehicle, the velocity of the vehicle can 
be determined simply by measuring the 
frequency difference; and the vehicle’s 
position can be found by integration of 
the Doppler frequency—that is, by 
counting the cycles of the frequency dif- 
ference during the time elapsed. Stabil- 
ity of an oscillator on the order of one 
part in 10?° should result in the deter- 
mination of vehicle velocity to an accu- 
racy of 1/20 mile an hour. Such stability 
in atomic clocks does not seem impos- 
sible, and is in fact already being ap- 
proached by some of the devices now 
being tested. 

The ammonia maser can also be used 
as an amplifier of weak signals. Since it 
does not use charged electric particles 
in the process of amplification, the usual 
noise-generating mechanism in receiver 
circuits is not present, and this, in prin- 
ciple, makes it feasible to build “perfect 
receivers’—that is, receivers which can 
identify electrical signals which are just 
slightly larger than the natural noise ex- 
isting in space. This goal has been the 
object of extensive research at all radio 
frequencies, including the microwave 
region; however, at microwave frequen- 
cies the known methods of detection and 
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amplification have always resulted in the 
introduction of noise by the detector or 
the amplifier to the extent that it has 
been impossible to detect signals which 
were weaker than approximately ten 
times that of the natural noise. It has 
already been demonstrated that the am- 
monia maser can bring about a signifi- 
cant improvement in the quality of mi- 
crowave receivers, and these discoveries 
have stimulated reseach along related 
lines. 

Another application of microwave 
power is its use in accelerating particles 
to very high energies. High-energy elec- 
trons, for example, are useful for many 
purposes: in the range of a few million 
volts, they may be used for sterilization 
of food, drugs, and other products and 
for inducing chemical reactions not 
otherwise easily produced; in the energy 
region from a few to 20 or 30 million 
volts, they are useful for generation of 
x-rays for industrial radiography and for 
cancer therapy; in the energy region 
above this, extending into the multi-bil- 
lion-volt range, electrons are useful as an 
important tool of nuclear research, In 
each one of these applications, micro- 
wave methods of accelerating particles 
are convenient and practical, and in some 
cases represent the only known method 
of attaining the desired result. The state 
of contemporary microwave practice is 
sufficiently advanced in these fields so 
that no fundamentally new research is 
required. What is necessary, of course, 
is the investment of large sums of money 
for development and construction of ap- 
propriate machines. 

Still other applications of microwave 
radiation may be mentioned. Radio-fre- 
quency heating has been a standard tech- 
nique available to industry, and it is not 
surprising that microwave power should 
also find application for this purpose as 
well. Generally speaking, the methods 
of generating microwave power are not 
as efficient as those used to generate the 
lower radio frequencies. Therefore, mi- 
crowaves are used for heating purposes 
only when there is some specific advan- 
tage to be gained at shorter wavelengths. 
A few of the applications in which this 
is the case are the following. Molding 
of certain plastic materials can be con- 
veniently carried out by introducing 
microwave power into the molding-ma- 
chine cylinders just prior to extrusion. 
Also, powdered plastic material which is 
contained in a metallic cylinder can be 
made to be a resonant microwave cir- 
cuit and will therefore absorb micro- 
wave power readily and rapidly. This 
process lends itself to ‘mass production 





of plastic products. A third application, 
based on.the same principle, is the micro- 
wave kitchen range. In this application, 
many kinds of food, by virtue of their di- 
electric properties, can be heated almost 
instantaneously. 


Current Problems 


As has been noted above, microwave 
research is oriented toward applications 
in other fields of science and toward in- 
dustrial applications, and it has led to 
many important advances. We now turn 
our attention to some of the central prob- 
lems which presently concern workers in 
the field, and also consider further pos- 
sible applications which might arise. It 
should be noted here that the following 
observations do not include activities 
which are basically a refinement or an 
extension of known principles, although 
such work is, of course, very important; 
it would not be possible to provide a 
comprehensive description of even the 
most significant of these activities. The 
problems considered below are arbitrar- 
ily confined to those which involve the 
search for new principles, new methods, 
and new applications. 

The following general areas of the 
microwave field are now receiving or can 
usefully receive attention as topics of re- 
search. The general topics listed, and 
some current approaches to these, are 
described below in greater detail. 

Extension to higher frequencies. In 
the mid-1930’s it was important to find 
practical means of generating microwave 
power; one of the central problems at 
the present time is to find methods of 
generating radiation in the frequency 
region beyond that now usable—in the 
millimeter and submillimeter range. As 
with the earlier work, there are specific 
and general reasons for this interest. 
Among the specific reasons are those 
which concern the use of short wave- 
lengths in the field of molecular spectros- 
copy, and also the further extension of 
the usable frequency spectrum for the 
continuously growing needs of the com- 
munication industry. The general reason, 
which is the one that fundamentally 
motivates all new microwave research, is 
that no one can now predict (just as no 
one could have predicted the multifari- 
ous applications of radio and micro- 
waves) what future applications and 
discoveries the availability of this broad 
new spectrum will lead to. It is of very 
great interest to find methods of gener- 
ating radio-frequency power in the region 
between radio waves, on the one hand, 
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Fig. 1. Essentials of a klystron tube. Electrons emitted from a cathode are accelerated 
and focused into an “electron beam.” The electrons, in passing through the “buncher” 
cavity, experience time-varying forces due to the radio-frequency fields there. The result- 
ant motion of electrons creates bunches of electrons, approximately as shown. These 
create pulsating forces in the “catcher” resonator and thus induce amplified signals which 
can be removed by a coupled output transmission line. 


and infrared radiation on the other. An 
immediate objective of research in this 
field is to find new methods which will 
increase the available spectrum by an- 
other factor of ten, reaching perhaps 
down to a wavelength of 0.1 millimeter. 

These objectives cannot be reached by 
simple extension of present electronic 
methods of generating radio-frequency 
signals, All present known electronic de- 
vices have a fundamental high-frequency 
limit above which they cannot be made 
to work. The details of these limitations 
are complicated, but some insight into 
the main reasons can be quite readily 
attained. As the wavelength at which 
one is interested in building a micro- 
wave generator is made shorter, the 
physical size of the device is necessarily 
made smaller in proportion. All micro- 
wave devices require the use of cavities 
or circuits whose dimensions are related 
to the operating wavelength. It also hap- 
pens that in all electronic devices there 
is a critical amount of electronic current 
which must be made available in order 
to permit operation. If the available cur- 
rent is less than this critical amount, 
operation of the device becomes impos- 
sible, because the power that can be gen- 
erated by this current is not sufficient 
to supply the heating losses in the cir- 
cuits of the device. But as the wavelength 
of the device is made smaller, the region 
through which the electron current must 
pass is also made smaller. This means 
that the higher the frequency, the lower is 
the available current, and this is further 
complicated by the fact that, in general, 
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the required current becomes higher. 
This situation can be made clearer by 
considering a specific situation—for ex- 
ample, a klystron, the simplest of all 
microwave devices. Figure 1 is a sche- 
matic diagram of a klystron, in which an 
electron beam is produced by accelerat- 
ing electrons from a cathode and focus- 
ing them into a cylindrical beam. Along 
this beam there are a number of resonant 
cavities, the first of which permits varia- 
tion of the electron velocity, due to the 
radio-frequency voltage across its oppo- 
site poles. Subsequently, because of the 
velocity variation, the electrons group 
themselves in bunches and are able to 
impart their kinetic energy to the po- 
tential energy of the last resonator. The 
exact process of generation of micro- 
wave power is not important for this dis- 
cussion, but it is important to note three 
things: (i) As the wavelength is made 
shorter, all of the dimensions in Fig. 1 
need to be reduced in proportion to the 
wavelength; (ii) as a result, the amount 
of current available from the cathode is 
reduced in proportion to the area of the 
cathode—that is, is reduced as the square 
of the wavelength; (iii) the losses in the 
conductors of the resonant cavities be- 
come higher. Thus, as the wavelength is 
made shorter, the available current is 
smaller, although the required current 
is greater. At some specific wavelength, 
therefore, a device of this sort will cease 
to work. A more careful analysis of this 
problem demonstrates that a klystron 
cannot be made to work at wavelengths 
appreciably shorter than a few milli- 


meters. For other types of microwave 
generators, such as the magnetron and 
the traveling-wave tube, the differences 
in the final result are surprisingly small, 
in spite of the substantial difference in 
the method of operation and the con- 
figuration of the various devices. 

As a result, it has been clear for some 
time that higher frequencies cannot be 
attained by application of presently 
known electronic principles. Several sys- 
tematic searches for other possibilities 
have not yet revealed any plausible ap- 
proach to the problem. The workers in 
the field have therefore a new challenge: 
to find a solution to a seemingly hopeless 
problem. The situation today in this field 
is similar to that in the mid-1930’s, 
when methods of microwave generation 
were unknown. The present picture is 
not completely pessimistic; some sugges- 
tions are being explored along lines 
which will be described in a later part 
of this article. 

Generation of higher power. For sev- 
eral possible applications it would be de- 
sirable to provide even greater power 
than has been attainable before. Either 
higher peak power, or higher average 
power, or both, are of interest. The ques- 
tion of increasing the average power is 
important, for example, in applications 
involving industrial heating, television 
and radio transmitters, and so on. In 
other applications, such as radar and 
particle accelerators, it is often of inter- 
est to be able to generate higher peak 
power. 

In addition to the question of the 
power level, another requirement of pri- 
mary importance in many transmitting 
systems is the ability of the transmitter 
to respond to large frequency bandwidth 
—that is, the range of frequencies which 
a transmitter is capable of amplifying 
simultaneously. Questions of this type 
are especially important in radar appli- 
cations, and the search for methods of 
amplifying large bandwidths at high 
power levels represents one of the most 
important problems in this field. 

Detection and amplification of weak 
signals. Detection and amplification of 
weak signals is clearly as important as 
generation and transmission of higher 
power. At the present time the principal 
effort to improve the ability of micro- 
wave receivers to respond to weak signals 
has been devoted to studies of traveling- 
wave tubes, although the results of this 
work are applicable to other microwave 
devices as well. However, because the 
traveling-wave tube, in common with all 
electronic devices, uses charged par- 
ticles, the noise generated in the tube by 
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the electron stream is not negligible, 
despite efforts to minimize such noise. 
When the present performance in this 
field is compared with radio standards, 
traveling-wave tube operation seems 
nearly as good as one can expect. But 
the recent invention of the maser has 
shown that amplification can be obtained 
without the use of charged particles. 
This has led to new possibilities for re- 
duction of noise in detecting and ampli- 
fying systems, and these will, without 
question, be of great importance in the 
future. , 

Other applications. The general areas 
of interest for further research have been 
stated in terms of microwave applica- 
tions which are either known today or 
are possible if certain specific microwave 
objectives can be attained. It is probable, 
of course, that still other applications of 
microwaves will be found. The search 
for new ideas, new applications, and new 
methods will continue to be as important 
as it has been in the past. 

There are two areas which seem to 
provide exceptionally great opportuni- 
ties for research at the present time. 
One of these concerns the extension of 
principles introduced by the invention 
of the maser: the applications arising 
from microwave signals which are ob- 
tained from systems that do not use elec- 
tron beams. The second area of specula- 
tive interest is the study of possible 
applications of plasma phenomena in 
microwave systems—that is, gaseous 
media in which all or nearly all atoms 
are ionized. Nearly all radio-frequency 
generating devices employ electrons ex- 
clusively; in retrospect, this seems like 
an artificial restriction upon the poten- 
tialities of devices. That 
plasma applications have received only 
limited attention, to date, is due to the 
fact that plasma phenomena are ex- 
tremely complicated. The possible im- 
portance of this subject, however, is 
great. 


electronic 


Generation of High Frequencies 


Despite many technical difficulties, 
electronic devices of more or less con- 
ventional design have been developed to 
permit practical application of micro- 
waves at wavelengths as short as two or 
three millimeters. Outstanding examples 
of this work are the miniature magne- 
trons developed at Columbia University 
and the backward-wave traveling-wave 
tubes developed at the Bell Telephone 
Laboratories. Beyond these wavelengths, 
due to the fundamental limitations men- 
tioned above, the conventional methods 
do not appear to be useful, even if the 
fabrication difficulties associated with 
small size could be resolved. Although 
as yet there are no obvious means for 
overcoming this limitation, there are sev- 
eral approaches to the problem now 
being pursued. It is too early to judge 
their possible success, but a description 
may serve as a good example of the work 
being done in this field. 

In one approach, an attempt is being 
made to obtain microwave radiation 
from high-energy (“relativistic”) elec- 
trons by subjecting them to periodic 
forces. Experiments which use relativ- 
istic electrons are currently being con- 
ducted by Motz at Oxford University, 
Coleman at the University of Illinois, 
and Mallory at Stanford University. 

For the sake of illustration, consider 
an example of one such device, the “un- 
dulator” described by Motz and shown 
in Fig, 2. The electrons are emitted from 
a cathode (not shown in the illustration) 
and are accelerated to a velocity closely 
approaching that of light; this can be 
readily accomplished by the use of a 
microwave linear electron accelerator, 
the understanding of which is again not 
essential for the present purpose. In the 
undulator shown, the electrons are made 
to pass between the poles of the magnets, 
which are arranged as indicated in Fig. 
2. The presence of the periodically 
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Fig. 2. Elements of the Motz undulator. Electrons arrive in bunches from the left, from 
a linear electron accelerator, and are forced to execute periodic vibrations due to the 
forces exerted by the magnets. The observer (with the aid of suitable detectors) at the 
right will find electromagnetic radiation of a higher frequency than the microwave fre- 


quency in the linear accelerator. 
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spaced magnets causes the electrons to 
be deflected transversely and to undulate 
through the system. To understand the 
operation of this device, suppose an ob- 
server is located at some point along the 
axis of the electrons, as indicated in the 
illustration. An observer in this position, 
looking at the electrons head-on, would 
“observe” that the electrons are vibrat- 
ing as if they were a current in a dipole 
antenna; he would, therefore, expect that 
the undulating electrons would radiate 
at a frequency which would be equal to 
the vibrational or undulational fre- 
quency of electrons. This frequency, he 
might think, is equal to the spacing of 
the magnets divided by the velocity of 
the electrons, which is approximately 
that of light. However, this expectation 
must be corrected because of two factors. 
Since the electrons are traveling vir- 
tually at the speed of light, relativistic 
effects must be taken into account, and 
this can be done by assuming that the 
spacing between the magnets is reduced. 
Thus, the electrons radiate at a frequency 
higher than would be expected if relativ- 
istic effects were neglected. Further, the 
electrons are moving toward the ob- 
server, and therefore the radiation from 
the electrons is Doppler-shifted. These 
two effects, taken together, result in radi- 
ation from the electrons (accelerated to 
a few million volts and with magnet 
spacing of a few centimeters) in the 
millimeter and submillimeter range. Ex- 
periments of this sort were first done by 
Motz, who used the linear electron ac- 
celerators available at Stanford Univer- 
sity; these experiments have in fact 
shown that the principle can be used to 
produce electromagnetic radiation which 
completely bridges the gap between the 
radio region and the region of visible 
light. 

The principal question that arises in 
examining the performance of the undu- 
lator is that of what intensity can be ex- 
pected from it, Analysis sho‘ws that the 
behavior of the undulator is very 
strongly affected by the manner in which 
the electrons are injected. If the elec- 
trons can be sufficiently “bunched” by 
the linear accelerator prior to injection, 
so that the longitudinal length of a given 
bunch is approximately equal to the 
wavelength which one is interested in 
generating, the radiation process can be- 
come quite efficient. This is due to the 
fact that all the electrons in the bunch 
would radiate “together”—that is, radi- 
ation from each electron would reinforce 
radiation from the others. The practical 
problem is, therefore, to cause the elec- 
trons to bunch very tightly; this happens 
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to be a difficult problem and is the cen- 
tral one of current research. 

The undulator is not the only means 
for extracting power from the tightly 
bunched stream of relativistic electrons. 
Mallory, at Stanford, has observed that 
injection of a bunched electron stream 
into a hollow metallic tube produces 
radiation in the submillimeter range 
without the employment of any trans- 
verse undulation. This phenomenon, 
which is believed to be due to the ex- 
traction of higher harmonics from the 
bunched beam, seems to be related to the 
behavior of ordinary nonrelativistic fre- 
quency-multipliers. The success of de- 
vices other than the undulator also 
depends upon the initial degree of 
bunching which can be obtained. 

The use of relativistic electrons can- 
not lead to development of simple, 
small, inexpensive sources of laboratory 
power, since this requires a powerful 
microwave source and a means for ac- 
celerating electrons into the relativistic 


region. Even so, the successful develop- — 


ment of these devices would stimulate 
further experimentation and develop- 
ment and should eventually result in 
new approaches to the problem. 

A different approach is currently being 
pursued by Linhart of the Comité Euro- 
péen de Recherche Nucléaire (CERN) 
in Geneva. Linhart intends to use plasma 
phenomena in a novel way. His idea can 
be understood by considering a mechan- 
ical analog, as shown in Fig. 3. A weight 
is suspended by a string which passes 
over a support, and this can be adjusted 
to shorten the length of the pendulum 
or “oscillator.” It is well known that the 
work done by the force F will cause the 
swinging pendulum to oscillate at an in- 
creased frequency, as the string is short- 
ened, provided that the fractional de- 
crease in the length of the string is small 
during a single cycle of oscillation. Ac- 
cording to a well-known theorem, if this 
“adiabatic” criterion is obeyed, the in- 
ternal energy of the oscillator will be 
proportional to its frequency. In prin- 
ciple, this can be applied to the micro- 
wave case in a manner shown in Fig. 4. 
Suppose a microwave cavity, which can 
be tuned by a moving plunger, is excited 
at some specific position of the tuning 
plunger by a source of microwave power 
until steady-state resonance conditions 
are established. If the power were then 
turned off suddenly, the fields in the cav- 
ity would attenuate exponentially with 
time. If, however, during a period of 
time which is short compared with the 
decay time, the plunger is moved rapidly 
downwards to reduce the volume of the 
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cavity, then the work done on the cavity 





(as shown by analogy with the pendu- 
lum) will result in an increase of the 
frequency of oscillation and in the gen- 
eration of electromagnetic energy. (As 
in the case of the pendulum, the reduc- 
tion of the cavity volume must be adia- 
batic—that is, the change in length of 
the cavity must be small during a single 
cycle of oscillation.) It is easily demon- 
strated that the mechanical deformation 
of a microwave cavity by this process is 
completely out of the question because 
of the extreme velocities needed. How- 
ever, Linhart suggests the use of a plasma 
phenomenon which seems to have the 
proper characteristics for the problem. 
He believes that a column of plasma (in- 
dicated graphically in Fig. 5), produced 
by ionization of some suitable gas by a 
second electron stream, can be excited 
as an electrical resonator and would have 
very low losses. (This suggestion is be- 
lieved to be due originally to Fainberg 
of the U.S.S.R.) If the electrons of the 
plasma column are suddenly accelerated, 
the resulting electron current creates a 
magnetic field around the plasma which 
causes the electrons to converge radially, 
or to “pinch.” During this pinch, the in- 
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Fig. 3. A pendulum which, by shortening 
of its length, demonstrates the adiabatic 
principle of frequency multiplication. 
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Fig. 4. Application of pendulum principle 
to a microwave case; the motion of the 
tuning plunger compresses the stored en- 
ergy and increases the frequency of oscil- 
lations. 
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Fig. 5. The use of plasma as a microwave 
resonator. 





ward motion of the electrons produces 
the desired rapid decrease of size of the 
plasma resonator and should result in the 
phenomena described above in terms of 
the mechanical tuning of the cavity. Re- 
search along these lines is currently be- 
ing pursued by Linhart and his asso- 
ciates. 

Still other ideas which make use of 
plasma phenomena are being considered 
by workers in several countries; these are 
all speculative, since the characteristics 
of plasmas are still only partially under- 
stood. 


Novel Methods of Amplification 


In all conventional amplifying devices, 
including the triode, the klystron, the 
traveling-wave tube, and others, direct- 
current power is converted to radio-fre- 
quency power by first accelerating elec- 
trons from rest and then removing a part 
of the kinetic energy of the electron 
stream by exposing the electrons to radio- 
frequency fields in the output section of 
the amplifying device. Although this 
basic process can be executed in a num- 
ber of useful ways, all of these have cer- 
tain fundamental limitations, as previ- 
ously mentioned. Two of the basic diffi- 
culties encountered with all electron de- 
vices are as follows: (i) Even in the ab- 
sence of an input signal, all electronic 
devices produce an output, which is 
usually referred to as “noise.” This is 
due to the fact that charged particles 
(that is, electrons) induce electrical sig- 
nals in the output circuits due to random 
emission from the cathode and random 
variation in their velocity. (ii) Electrons 
even at the highest practical voltages 
have velocities which are not large 
enough to permit instantaneous interac- 
tion with radio-frequency fields; as in the 
triode, the “transit-time” effects preclude 
the extension of known techniques above 
a certain frequency limit. 

Electronic devices of this sort are not, 
of course, the only means of generating 
electromagnetic energy. Thée generation 
of visible light is a familiar example of a 
process which is considerably different. 
In this case (to use the terminology of 
classical physics), electrons in one orbit 
can be transferred to a higher one by 
excitation (as in gas discharge), and this 
will result in emission of light when 
the electron spontaneously returns to its 
original orbit. This process demonstrates 
the principle of conversion of energy (in 
a gas discharge, from a direct-current 
source) to electromagnetic form by the 
use of electrically neutral atoms. In 
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Table 1. Frequency and wavelength of electromagnetic radiation that can be expected 


from the various types of atomic, nuclear, and magnetic transitions. 











Representative Corresponding radiation 
change in rm eich > 
Type of transition energy r 
electron requency 
( ola} (Mcy/sec) Wavelength (cm) 
Atomic-electronic transitions é 
(visible light) ~2 6 x 10° 0.5 x 10% (5000 A) 
Molecular transitions: 
Vibrational 10° 2.5 x 10° 1.2 x 107 
Rotational 10420107 2:5: 10*to.2.5:x 10° 1.2 to 12 
Paramagnetic ions 
(orientation of) 10*to10*% 2.5x10* to 2.5 x 10° 1.2 to 12 
Nuclear moments 
(orientation of) ~ 10" 25 1200 





terms of contemporary theories, it can 
be said that a neutral atom can radiate 
a quantum of energy in undergoing the 
transition from one allowable energy 
state (orbit) to another allowable state. 
It has recently been demonstrated that 
this principle can also be applied to 
both the generation and amplification of 
microwave power. Since this process does 
not use charged particles, but rather neu- 
tral atoms, it is possible to visualize de- 
vices which would have the same sources 
of noise and would considerably increase 
sensitivity in the detection of weak 
signals. 

To understand the possible applica- 
tion of this principle to the generation 
and amplification of microwave frequen- 
cies, it is first necessary to consider the 
separation between energy states in mo- 
lecular, atomic, and nuclear structures. 
According to quantum theory, the mo- 
tions of electrons in atoms, of atoms in 
molecules, and of fundamental particles 
in nuclei are restricted in a manner 
which results in discrete energy-state 
leyels (analogous to the classical concept 


of electron orbits in atoms). The excita- 
tion of an atom or a molecule can change 
its state from one level to another, and 
radiation of energy will take place upon 
return to the original state. According to 
the Einstein equation, 


AW=hyv 


where AW is the energy change, h is 
Planck’s contant, and v is the frequency. 
If W is measured in electron volts, and 
v in megacycles per second, this relation 
becomes 


AW = 4.14 x 10%v 


Table 1 shows a few of the possible types 
of transitions together with typical values 
of energy changes which can be expected 
in such transitions. The last column in 
the table shows the frequency and wave- 
length of the radiation which results 
from such transitions. From this table it 
can be seen that rotational molecular 
transitions can be expected to generate 
radiation in the microwave range and 
vibrational types of transitions in the 
millimeter (and shorter) range. 
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SECTION A-A 


MICROWAVE 
OUTPUT 


Fig. 6. Schematic diagram illustrating the principle elements of a device for generating 
or amplifying microwaves without the use of electron beams. (a) Shows the “source” of 
ammonia gas through which the gas diffuses through small tubes; (b), the “focusing ele- 
ments,” whose cross section is shown at the left; (c), the microwave cavity and the out- 


put waveguide. 


848 





That emission of radiation from a mo- 
lecular system is possible does not, in 
fact, mean that this can be accomplished 
as simply as generating visible light by 
excitation of atoms in a gas discharge, 
To understand this, consider a molecule 
with two energy states between which 
transitions can occur. If the molecule is 
in the lower energy state, it can absorb 
microwave power and be raised to the 
high-energy state; if it is in the higher 
state, it can radiate the energy in the 
process of transition to the lower state, 
It turns out that the probability of these 
processes occurring is the same, and in 
a body of gas or other material with 
equal population densities of the two 
states, the radiation of energy is impos- 
sible. In the actual case, with common 
materials at thermal equilibrium, there 
is an excess of lower-state molecules, and 
the medium can only absorb radiation. 
This fact has been well known and 
it explains why molecular radiators 
have not been developed until a short 
time ago. 

Recently, suggestions of Townes at 
Columbia University and of others have 
changed this picture. They have demon- 
strated that it is possible to separate the 
energy states to provide a region in space 
where an excess of molecules in the up- 
per state, capable of emission of radia- 
tion, can be made to exist. A device of 
this type, called a “maser,” may be of 
interest since it is the first and still the 
clearest demonstration of an important 
new principle. (The word maser has 
been derived from “microwave amplifi- 
cation by stimulated emission of radia- 
tion.” ) 

A schematic diagram of the principal 
elements of the Townes maser is shown 
in Fig. 6 (the walls of the vacuum cham- 
ber which surround the entire apparatus 
have been omitted). Although any one of 
a number of gases can be used, Townes 
selected ammonia for his experiments be- 
cause the transition frequency occurs in 
a convenient microwave region, and be- 
cause the population-density difference 
in one pair of states happens to be par- 
ticularly large. Ammonia gas at reduced 
pressure is introduced into a box, called 
the “source,” from which it diffuses 
through an array of small tubes to form 
a molecular beam, as indicated in the 
diagram. The beam then passes between 
sets of rods, called the “focuser,” in 
which alternate rods are connected to- 
gether electrically, with a high electrical 
potential applied to the adjacent rods 
from a direct-current source. Although 
the focuser does not supply any elec- 
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trical power to the system, it does two 
things: As the molecules drift between 
the rods, the presence of the electric field 
causes the molecules to become polarized 
in the form of electric dipoles and, as a 
result of this, causes many of the lower- 
state molecules to be defocused and re- 
moved from the system by outward 
radial drift. The beam which finally en- 
ters the last region of the maser, the 
microwave cavity, therefore contains an 
excess of molecules in the upper state 
and is in the proper condition to radiate 
this excess energy. If the number of up- 
per-state molecules sufficiently exceeds 
the number of lower-state molecules, the 
radiation from the former can create a 
field in the resonant cavity which can 
be extracted for use by means of micro- 
wave waveguide, as shown in Fig. 6. The 
frequency of operation of the maser, as 
built by Townes, is 23,870 megacycles, 
and this can be shifted by only a small 
amount by tuning of the cavity or chang- 
ing of the focusing voltage. 

If the ammonia beam current is too 
low, the device will not oscillate. In this 
case, however, the maser can be used as 
an amplifier. Due to the presence of the 
ammonia current, the losses in the micro- 
wave cavity can be made to be negative, 
and a signal sent into the cavity can be 
reflected in amplified form. Since the 
ammonia amplifier does not employ 
charged electrical particles, there is no 
noise of the conventional sort induced in 
the microwave cavity. Recently, meas- 
urements by Helmer, at Varian Associ- 
ates, have shown that the ammonia 
maser, when used as an amplifier, has 
only about twice the noise level expected 
from an “ideal” amplifier. 

Although the ammonia maser is po- 
tentially very useful as an amplifier, and 
also as a source of extremely stable 
microwave frequency, it does have cer- 


tain characteristics which limit its use 
in many important applications. The 
principal difficulties with the maser are 
as follows. The electrical bandwidth of 
the maser is very small—in the neigh- 
borhood of a few thousand cycles— 
which limits its application to those cases 
where the information is narrow-band. 
Amplification by the ammonia maser 
occurs at a fixed transition frequency, 
and the device cannot be “tuned” to 
other microwave frequencies (except, of 
course, to other discrete frequencies at 
which different molecular transitions are 
possible). Due to the limited current 
which can be obtained in a molecular 
beam, the power output of the maser is 
very low, in the neighborhood of 10° 
watt. In many applications of practical 
importance, one or more of these limi- 
tations represent a serious obstacle. 

It appears, however, that there are 
other possible methods which might be 
used to separate energy states in a me- 
dium to create a situation conducive to 
transitions in the microwave region. For 
example, it is possible to expose certain 
solid materials to microwave radiation 
of one frequency to equalize the popula- 
tion densities of two energy states (one 
of which at room temperature has very 
low population density) and to induce a 
transition from one of these to a third 
energy level. This process, currently re- 
ferred to as “pumping,” can be accom- 
plished by a number of methods and 
promises to provide many combinations 
suitable for application in the microwave 
region. A combination of such pumping 
methods, the splitting of energy levels by 
means of static magnetic fields, and the 
use of materials with suitable properties 
represents a field of research of great im- 
portance, from which amplifiers of near- 
maximum sensitivity might be expected 
to arise. 
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High Power and Large Bandwidths 


Despite the fact that microwave de- 
vices have already proved capable of 
very high power generation over very 
broad bandwidths, there are still two 
kinds of reasons for trying to exceed the 
performance of the presently available 
devices. The first of these is a specific 
one: There are a number of immediate 
applications which can profitably em- 
ploy higher power or larger bandwidths, 
or both, For example, in both radio 
communications and in radar the use 
of higher power permits communica- 
tion over a greater distance and with 
greater reliability; in particle accelera- 
tors, higher power produces greater par- 
ticle energies, and this, in turn, makes 
possible new experiments in high-energy 
physics. The second reason is a more 
general one: In working toward higher 
power, one finds various difficulties not 
previously encountered. The study of 
these difficulties sheds light on the ulti- 
mate limits which can be attained and 
yields information which is useful in im- 
proving the performance .of devices 
which operate below the maximum 
power limits. 

Large bandwidth is desirable for a 
variety of reasons, all related to the fact 
that it is becoming increasingly necessary 
to be able to transmit and to receive 
greater amounts of information in a 
given time. There are many reasons, too 
specific and detailed to be listed, which 
justify the search for greater intelligence- 
handling capability of both transmitting 
and receiving systems. In receiver work, 
extensive research carried out during the 
last ten years has resulted in design of a 
number of types of traveling-wave tubes 
which are either now available or are 
known to be possible. These tubes typi- 
cally have bandwidths on the order of 




















| 





Fig. 7. A cross-sectional diagram of a high-power Stanford klystron. This tube, one of 22 used to power the Stanford “billion volt” 
linear accelerator, is capable of generating 30 million watts at a wavelength of 10 cm. 
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Fig. 8. The high-power Stanford klystron illustrated schematically in Fig. 7. 


30 to 50 percent, and nearly the whole 
microwave spectrum is covered by the 
series of tubes now available. However, 
in many applications it is not sufficient 
to be able to receive information over a 
large bandwidth, and the problem of 
generating power over a large bandwidth 
has many aspects which remain to be 
sdlved. 

To illustrate the current research ac- 
tivity in these two areas, an example of 
each will be given below. These are rep- 
resentative of the efforts now being made 
in the laboratories in several nations. 

High power. The highest peak power 
generated by a microwave tube to date 
is believed to be 30 million watts, pro- 
duced at a wavelength of approximately 
ten centimeters by the klystron tubes 
which are used as sources of power for 
the Stanford billion-volt linear electron 
accelerator. A cross-sectional diagram 
and a photograph of this tube are shown 
in Figs. 7 and 8, respectively. In its prin- 
cipal features this klystron differs very 
little from the basic one shown earlier, 
in Fig. 1. To generate this power, the 
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klystron used an accelerating potential 
between the cathode and the anode of 
approximately 360,000 volts, with an 
electron current of about 215 amperes. 
The power input to the klystron, there- 
fore, approaches 80 million watts, not 
far from the electrical power used con- 
tinuously by a medium-sized city. This 
power cannot, of course, be generated 
continuously but is obtained in pulses of 
a few microseconds’ duration, repeated a 
few hundred or thousand times a minute. 
The power generated by the klystron is 
extracted by the last cavity and trans- 
mitted to the useful load by means of 
the waveguide shown through a ceramic 
or a glass “window,” which isolates the 
vacuum in the klystron from the external 
atmosphere, In operating klystrons of 
this sort near their peak power limit, 
several difficulties are encountered. Some 
of these are described below. They rep- 
resent several of the areas of major in- 
terest at the present time. 

It is found that the “window” through 
which the microwave power passes often 
fails through being punctured (this spoils 





the vacuum inside the klystron). The 
processes in these punctures are not as 
yet clearly understood, although they 
seem to be related to the unavoidable 
irradiation the window receives from 
x-rays and electrons. The work thus in- 
volves an attempt to understand the ex- 
act mechanism of electrical failures of 
dielectric materials when subjected to 
irradiation, and also an attempt to solve 
the problem by finding materials with 
greater resistance to such radiation, or 
by finding practical methods of shielding 
the windows. A second problem in the 
operation of present tubes is electrical 
arcing in the anode-cathode region. 
Other work is concerned with study of 
cathode materials which might provide 
longer tube life and more reliable emis- 
sion, 

The research activity noted above in- 
volves, to a large degree, study of the 
characteristics of materials when sub- 
jected to unusual conditions: electrical 
stress at high frequencies, exposure to 
x-ray and gamma radiation, and so on. 
Progress in this field is necessarily slow 
since it requires the combined skills of 
chemists, physicists, metallurgists, and 
engineers, in addition to a long and ex- 
pensive program of material research 
and testing. 

A more specific microwave problem 
has to do with the efficiency of conver- 
sion of direct-current power to radio-fre- 
quency power in microwave tubes. Effi- 
ciency of operation becomes increasingly 
important as power levels increase, since 
power lost in heat becomes more expen- 
sive to consume and to supply. The basic 
design principles of klystrons, despite 
many years of experience, are not yet 
completely worked out because of the 
complex behavior of electron streams of 
high density when subjected to mag- 
netic-focusing fields and radio-frequency 
forces, These complex questions are now 
being analyzed, with the assistance of 
large computing machines. 

Large bandwidth. As an example of 
the research being carried out to extend 
the bandwidth capability of high-power 
transmitting tubes, a high-power broad- 
band traveling-wave tube currently be- 
ing developed at Stanford University is 
shown in Figs. 9 and 10. In its general 
configuration the traveling-wave tube re- 
sembles a klystron, having an electron 
stream which passes through a series of 
cavities. The main difference between 
the klystron and the traveling-wave tube 
is the following: The klystron uses a lim- 
ited number of cavities, each one being 
simply a resonant circuit, and these are 
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adjusted independently to respond to the 
frequency which one is trying to generate 
or amplify. The traveling-wave tube, of 
the type being discussed, has a number 
of cavities which are coupled together 
electrically to form a transmission circuit 
through which an electromagnetic wave 
can propagate from one end to the other. 
As the wave travels through the circuit 
it exposes the electrons in the beam to 
relatively weak electric forces, but for a 
protracted period of time. During this 





Fig. 9. A photograph of a high-power, 
broad-band tube. This device, represent- 
ative of the current efforts to extend 
the bandwidth of microwave high-power 
tubes, is being tested by M. Chodorow and 
associates at Stanford University. 
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period of exposure, accumulated forces 
upon the electrons cause them to bunch 
and eventually to deliver power to the 
output terminals, much as with a klys- 
tron. Because a high degree of resonance 
is avoided by the use of tightly coupled 
electrical circuits, the electrical band- 
width of the traveling-wave tube can be 
many times that of a klystron. 

In order to make a satisfactory travel- 
ing-wave tube of the kind shown, it is 
necessary to design the assembly of cavi- 
ties as if it were an electrical filter, and 
also to control the propagation velocity 
of the waves through the structure so 
that it will match the velocity of the 
electron stream. It is further necessary 
to arrange the fields in the cavities so 
that the electrons are exposed to the 
highest possible electric fields. These re- 
quirements cause the configuration of 
the cavity. structures to become highly 
complex, so that understanding the be- 
havior of such structures requires exten- 
sive experimental work and complicated 
analysis. Development of adequate the- 
ory for these kinds of microwave struc- 
tures, experimental design of suitable 
cavity elements, and a great number of 
other practical problems still remain to 
be resolved before tubes of this class can 
be said to be fully understood and ready 
for practical application. 


Conclusion 


It is instructive to consider, in histor- 
ical perspective, the way in which the 
microwave region of the electromagnetic 
spectrum came into use. During the 
1930’s, the “‘transit-time” of electrons, 
associated with conventional radio tubes, 
and the size requirements of circuit ele- 
ments appeared to impose a fundamen- 
tal limitation on the frequencies which 
could be used. This limitation was over- 
come by the development of resonant 
cavities and the formulation of the prin- 
ciple of velocity modulation. Thus, the 
microwave region was opened up, and 
with it came rapid development of new 
devices and new principles which have 
made possible important advances .in 
communications, navigation, radar, par- 
ticle accelerators, and a number of other 
fields which were not foreseen by the 
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Fig. 10. A section of the “circuit” of the 
high-power broad-band tube shown in 
Fig. 9. 


workers in the field. In like manner, ex- 
tension of the usable electromagnetic 
spectrum into the millimeter and sub- 
millimeter region seemed, until recently, 
to be extremely difficult, if not impos- 
sible. With increased insight into such 
phenomena as molecular transitions, how- 
ever, this limitation, too, appears now to 
be artificial. Work in this new field gives 
promise of developments which will also 
have great importance. The significance 
of this historical development seems 
sufficiently clear: the reservoir of knowl- 
edge fed by research almost inevitably 
flows over into new fields and new ap- 
plications and provides methods by 
which still further knowledge may be 
acquired. 

The examples of current research 
listed in this paper cannot do justice, of 
course, to the intensive and varied re- 
search being pursued in many of the 
laboratories throughout the world. Not 
mentioned, for example, is the very im- 
portant possibility of extending the find- 
ings of semiconductor research to the 
microwave region. Suggestions have al- 
ready been made which may extend the 
present high-frequency limit of the con- 
ventional transistor and would permit 
the development of related devices at 
microwave frequencies. 

It is my hope that the/description of 
the accomplishments, applications, and 
current problems in this field of applied 
research is sufficient to demonstrate 
that the future of this work holds as 
much promise as it held for the pioneers 
of the microwave field in the mid-1930’s. 
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1958 Parliament of Science 


Conducted in Washington, D.C., 15-17 March 
by the AAAS, it offered these recommendations 
on education and the support of science 


The power of man through science is 
currently assuming a new order of mag- 
nitude. Power has always been sought 
avidly. Sometimes it has been used dis- 
astrously; often it has been used wisely. 
How the United States shall keep abreast 
of the developments in science and sci- 
entific technology; how it shall help avoid 
disaster; how it shall ensure that new 
knowledge (the age-old synonym for 
power) will be used for the benefit of 
mankind in general and its citizens in 
particular are among the most important 
questions before the American public to- 
day. 

But the American public is disturbed, 
worried, and confused. We thought we 
were well in the lead, scientifically and 
technologically. Now, all of a sudden, 
this comfortable assumption is_chal- 
lenged. We are “behind.” It isn’t clear 
just what this means, or 
whether the serious versions of its pos- 


statement 


sible meanings are in fact true. But there 
is no denying the general concern, and 
the almost frantic determination to “do 
something about it.” 

The concern and the determination 
are, we believe, justified. But it is im- 
perative that we sort out our ideas, 
brush off as superficial certain spectacu- 
lar but minor items, and try to see our 
problem in its true dimensions. 

Not long after the discovery of fission, 
we began to sense the fact that man’s im- 
pending control of atomic and nuclear 
power made possible, and indeed made 
inevitable, the beginning of a new age. 
As the still more vast potentialities of 
fusion were made available for destruc- 
tive purposes, and as it became clear that 
these incredible forces would presently be 
tamed for nonmilitary use, the magni- 
tude of our break with the past became 
visibly greater and greater. 

We are just beginning to see that even 
these advances, tremendous as they are, 
constitute the signal, rather than the sub- 
stance, of what is to come. Our success- 
ful probing into the nucleus of the atom 
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is but an example of the clear fact that 
science is entering a new and accelerated 
stage of advancement, which will give to 
man the possibility of control over his 
environment, over himself, and over his 
destiny, which we have as yet only 
vaguely sensed. With prospects that are 
—just as they were in the case of nuclear 
energy—both marvelous and frightening, 
we are on the threshold of an equally 
revolutionary probing of the cell and of 
the mind. 

Man is breaking with the past, its 
limitations and its safeguards. The prize 
is greater than ever before—so are the 
risks. The question is not, “Do we like 
this?” The question is, “What role do 
the people of the United States wish to 
play in the drama of the future?” We 
cannot hide. We must not relax. How 
can we play a noble part? 

What concerns us here is far and away 
larger than any question about a satel- 
lite, or even about a battery of long-range 
guided missiles, although these dramatic 
devices have precipitated discussion and 
have produced a readiness to consider 
drastic action. 

We are in fact saying that man is on 
the very edge of a new relation to the 
atom, to the cell, to himself, and to the 
universe in which he is set. Many forces 
have been active, but clearly it is science 
which has been chiefly instrumental in 
bringing about this new relation. The 
new relation will place new demands on 
all man’s resources—especially on his ca- 
pacity to handle this new power with 
wisdom, restraint, and decency. 

This scientific revolution will totally 
dwarf the Industrial Revolution and the 
other historical instances of great social 
change. It will be more compelling, and 
will pose more urgent problems, because 
of both the pace and the magnitude of 
the changes which now impend. 

What faces man is not, in any re- 
stricted sense, a scientific problem. The 
problem is one of the relation of science 
to public policy. Scientific issues are 





vitally and almost universally involved. 
The special knowledge of the scientist 
is necessary, to be sure; but that knowl- 
edge would be powerless or dangerous if 
it did not include all areas of science and 
if it were not effectively pooled with the 
contributions of humanists, statesmen, 
and philosophers and brought to the 
service of all segments of society. 

What is to be done? Scientists cer- 
tainly have no arrogant illusion that they 
have the answers. But they do want to 
help. They are, moreover, convinced that 
the time is overripe for a more under- 
standing collaboration between their spe- 
cial profession and the rest of society. 

Because it is urgent for scientists to 
organize their own thinking about the 
problems raised in the preceding para- 
graphs, and urgent for society to under- 
stand those problems and their impli- 
cations, the American Association for the 
Advancement of Science convened this 
Parliament of Science. 


The Terms of Reference 


The members of this Parliament— 
over one hundred working scientists rep- 
resenting all fields and all parts of our 
country, selected as the result of a demo- 
cratic procedure which involved nomi- 
nation by the sections of the AAAS and 
its affiliated societies—have agreed that 
the more detailed and more specific rec- 
ommendations of the Parliament should 
all be viewed within the general context 
provided by the following statements: 

A) Although science leads to a vast 
number of practical and useful results, 
and although we have not the slightest 
wish to minimize the importance of 
these practical results, nevertheless we 
wish to emphasize that science is, at 
base and in reality, a response of man’s 
intellectual curiosity to the order and 
beauty of the universe in which he finds 
himself. It is by no means the only re- 
sponse to that order and beauty, and 
hence science feels itself allied with, not 
opposed to, such other responses as the 
arts and humanistic studies. 

B) The pursuit of knowledge is an ac- 
tivity of the human race, not an activity 
of political subdivisions. As citizens we 
recognize that the hard realities of the 
present world sometimes require, or at 
least seem to require, certain restrictions 
on the complete international freedom 
of basic research. But we earnestly think 
that these restrictions are often wrong 
and futile. Furthermore, we wish to place 
a special, positive emphasis upon the 
kinds of scientific problems—the kinds 
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of international cooperation in science— 
which capitalize upon our universal com- 
mon interests as members of the human 
race, such as our common struggle 
against disease and hunger. Scientists of 
all nations are engaged in a common en- 
terprise. They are urged to take leader- 
ship in international understanding and 
thus to make progress toward permanent 
peace. 

C) Many of the important—and espe- 
cially the broad—questions concerning 
science and society do not usefully per- 
mit categorical or permanent answers. It 
is therefore not to be expected that our 
answers will always be a firm or fixed 
“yes” or “no.” It is essential that there 
be flexibility within which can operate 
the evolving human judgments on indi- 
vidual problems, and within which can 
be preserved the variety which is so 
great a source of strength in our na- 
tional life. 

D) The statements which a compe- 
tent scientist makes about his own spe- 
cial field are based upon the facts avail- 
able to him and his interpretation of 
those facts. They deserve the respect of 
society as scientific statements, and de- 
serve also the understanding of society 
that new facts may be found and new 
interpretations made. The statements 
which any scientist makes about matters 
outside his field of scientific competence 
should neither gain nor suffer from the 
fact that the author is a scientist. Such 
statements should be judged on their 
own merits, 

The problems that were considered at 
this Parliament of Science are in part 
scientific and in part they depend on a 
wide variety of other considerations. The 
members of the Parliament of Science 
were trying to serve in the joint capacity 
of scientist-citizens, and were trying, in 
the case of each individual question con- 
sidered, to illuminate the scientific is- 
sues as much as possible with a mini- 
mum of confusion due to our inevitable, 
and we think proper, differences of 
opinion on the social issues. 

E) Not only does each answer to a 
scientific question characteristically lead 
to a series of new scientific questions, but 
scientific advances—as we are all aware 
these days—also give new and difficult 
form to certain problems in the social, 
political, and moral fields. It is futile to 
suppose that society can avoid these 
problems. As scientists we are concerned 
with the discovery of new truth. As sci- 
entist-citizens we are concerned that the 
power which this new truth brings be 
used wisely and decently for the welfare 
of humanity as a whole. 
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The Board of Directors of the 
American Association for the Ad- 
vancement of Science, in session 
on the day following conclusion of 
the Parliament of Science, voted to 
express its satisfaction with the 
Parliament as a method of express- 
ing the collective judgment of a 
representative group of scientists 
on matters of public policy, and to 
commend the recommendations of 
the Parliament to the attention of 
all scientists. 
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F) The strengths and the weaknesses 
of our scientific and educational systems 
reflect strengths and weaknesses existing 
in our political and social environment. 
The way science is used depends upon 
the values of the community. The cli- 
mate of opinion about intellectual activi- 
ties influences the progress of science, the 
uses of science, and the kind of people 
who enter science. 

G) The freedom we cherish is served 
and strengthened by science. Science 
must also share in this freedom. In the 
long run it is not possible to have vigor- 
ous and imaginative science unless society 
is willing to provide a total climate, 
within which scientists work, which as- 
sures freedom of choice of problems, 
freedom to travel, freedom to communi- 
cate, freedom to disagree. There appear 
to be no qualifications to the choice here 
posed: a full intellectual freedom for sci- 
entists, or a weak and declining science. 

H) Although this Parliament of Sci- 
ence quite properly concentrated on 
problems of science and public policy, 
and although some of the recommenda- 
tions are quite specific to science, it must 
be emphasized that science represents 
only one part of intellectual endeavor. 
Both public policy and the welfare of 
science require an educational system 
that is strong at all levels and in all fields 
of knowledge. Efforts to advance science 
at the expense of other fields of learning 
would harm all fields of learning and the 
society they serve. 


Reports on Specific Topics 


The Parliament of Science addressed 
itself to five main topics: 

I. The Support of Science. Discus- 
sion leader, William V. Houston, presi- 
dent, Rice Institute. Recorder, Mina S. 
Rees, dean, Hunter College. 

II. Organization and Administration 
of Science in Government. Discussion 
leader, W. Albert Noyes, Jr., dean, Grad- 


uate School, University of Rochester. Re- 
corder, E. R. Piore, director of research, 
International Business Machines Cor- 
poration. 

III. Communication among Scientists 
and Communication of Scientific Ideas. 
Discussion leader, J. Murray Luck, pro- 
fessor of biochemistry, Stanford Univer- 
sity. Recorder, Mary I. Bunting, dean, 
Douglass College, Rutgers University. 

IV. The Selection, Guidance, and As- 
sistance of Students. Discussion leader, 
Henry Eyring, dean, Graduate School, 
University of Utah. Recorder, Harry C. 
Kelly, assistant director, National Sci- 
ence Foundation. 

V. The Improvement of Teaching and 
Education. Discussion leader, George W. 
Beadle, chairman, Division of Biology, 
California Institute of Technology. Re- 
corder, James F. Crow, professor of zool- 
ogy and genetics, University of Wiscon- 
sin. 

In addition to over one hundred sci- 
entists who attended the conference, a 
number of representatives of other pro- 
fessions, and activities (politics, business, 
law, religion, labor, mass media of com- 
munication, other academic professions, 
etc.) were invited to attend as regular 
working members of the meeting. The 
scientists particularly appreciate the in- 
terest of those who accepted the latter 
type of invitation. Although the public 
representation was not as large as had 
been hoped for, it was most encouraging 
and helpful. 

Over sixty accredited observers, repre- 
senting a wide variety of academic, in- 
dustrial, governmental, and other re- 
search agencies, attended the sessions and 
contributed greatly by their presence and 
by their participation in the informal 
parts of the discussions. 

After an opening, general session, the 
groups considering the five topics listed 
above met separately in at least two ex- 
tended sessions. Their reports were then 
brought before two successive sessions of 
the entire Parliament. Since the five 
groups worked quite separately, their in- 
dividual reports took somewhat different 
form. It has seemed neither necessary 
nor useful to bring them to a uniform 
format. 

Reports of the five discussion groups 
were presented to the entire Parliament 
in an afternoon session on the second day 
and were voted on in a concluding session 
on the third day. Few votes were unani- 
mous, but few departed greatly from 
unanimity. Items on which the vote was 
substantially split are identified, and the 
vote is given, in the following sections, 
each of which reports the recommenda- 
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tions of the Parliament on one of the 
five general topics considered. Some of 
the recommendations are addressed to 
scientists themselves; others are ad- 
dressed to the Federal Government, to 
fund-granting agencies, to the press, or 
to the public. 


Report of Section I, The 
Support of Science 


The well-being of man, his health, and 
his security depend now as never before 
upon science, and society recognizes the 
value of science by these tangible re- 
sults. If these useful results are to con- 
tinue, it is imperative that science have 
a strong foundation of basic research, the 
untrammeled exploration of the universe 
and of man in the universe. If basic re- 
search is encouraged to grow steadily 
and healthily, useful results will inevit- 
ably follow. 

Research must be supported in two 
ways: first, by general recognition that 
learning—all learning—is a high calling, 
to be respected; second, by money. But 
simply more money is not enough. Funds 
must be provided under conditions that 
encourage and support creativity. Sup- 
port for basic research in universities 
must be provided in ways that maintain 
a system of diverse and free institutions 
and in ways that maintain within uni- 
versities a balance between the research 
function and the interlocking teaching 
function. Universities should be models 
of freedom in our society where free in- 
quiry and free expression in the arts and 
the humanities, as well as in the sciences, 
can go forward. 

These objectives can be most effec- 
tively sought through a mixed private- 
governmental system of support designed 
to bring the diverse judgments of large 
numbers of wise people to bear on a con- 
tinuing series of difficult and significant 
problems. 

The main sources for the support of 
basic research are government, industry, 
foundations, and universities. Whatever 
the source of support for research in uni- 
versities, it is important that this support 
be given in such a way as to (i) maintain 
the institution’s autonomy; (ii) give free- 
dom to the research worker to choose his 
own area of research, and provide flexi- 
bility to enable him to move from one 
problem to another as his results warrant 
or his interests shift; (iii) provide conti- 
nuity, stability, and other conditions that 
enable research men to devote their time 
and energy to research. 

(Note: The following recommenda- 
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tions apply particularly to universities. 
This emphasis resulted from the neces- 
sity of confining discussions to manage- 
able scope; participants were well aware 
that much research is-carried out in in- 
dustry, government laboratories, mu- 
seums, biological research stations, and 
other agencies that are not connected 
with universities, but did not have time 
to consider adequately the special prob- 
lems’ of support of research in these 
agencies. ) 

Recommendations. 1) Science should 
be supported on a greatly expanded scale. 
In using these increased funds, science- 
supporting agencies, scientific societies, 
government and industrial laboratories, 
and universities are urged to find ways 
of recognizing and encouraging excep- 
tional creative ability and significant pro- 
ductivity. 

2) To attain a more productive bal- 
ance among fields of science in this 
country, additional funds for large and 
expensive research undertakings in the 
biological and social sciences are impera- 
tive. Only in this way can the full op- 
portunities arising from the balanced 
growth of science be realized. 

We take particular note that one result 
of some recent applications of science 
has been the creation of hazards to hu- 
man welfare which we are not yet able 
to understand or control, with the con- 
sequence that we are now handicapped 
by our ignorance concerning many bio- 
logical questions which have taken on 
great urgency. Certain studies—for 
example, large-scale investigation of bio- 
logical processes in controlled environ- 
ments such as the genetic and pathologi- 
cal effects of long-continued but small 
radiation exposures 





will require mas- 
sive expenditures on a scale which has 
heretofore been restricted to certain as- 
pects of the physical sciences. 

3) If we are to increase our scientific 
efforts, universities as a whole must be 
strengthened. We favor unprogramed 
grants made on the basis of carefully de- 
vised plans, subject to review after a 
period of years, and available for the sup- 
port of research and the training of grad- 
uate students in a designated area, rather 
than on a specific project. Research func- 
tions at such institutions cannot be sepa- 
rated from teaching functions. 

4) It is essential to maintain and in- 
crease the diversity of sources of govern- 
mental and private support for basic 
research, Such diversity of sources pro- 
vides a way to secure diversity of judg- 
ment and to maintain freedom. 

5) We favor prompt and thorough 
consideration of the possibility of carry- 





ing out adjustments in the tax structure 
of the nation which would increase the 
amount, diversify the sources, and equal- 
ize the cost to contributors, both corpo- 
rate and private, of the support of 
education and research. (Note: This 
recommendation was approved by a vote 
of approximately three to two. The pro- 
portion of negative votes was greater than 
that for any other recommendation. It 
was noted by the participants that a study 
of proposed tax changes was being con- 
ducted for the AAAS.) 

6) Scientific development would be 
accelerated if a greater proportion of the 
total research and development funds 
were invested in basic research. In the 
anticipated period of rapid scientific ad- 
vance, the demands of development make 
very clear the underlying need for in- 
creased emphasis on basic research in sci- 
ences and engineering. 

7) In the appropriation of funds for 
the National Science Foundation, care 
should be exercised to ensure that the 
support of basic research is not sub- 
ordinated to programs in support of edu- 
cation in the sciences. 

Two points should be made: (i) The 
training of young research men is signifi- 
cantly advanced by their participation in 
research projects. Moreover, research 
grants increase the effectiveness of per- 
sonnel needed not only for research, but 
also for teaching. (ii) A large expansion 
of the fellowship program imposes a fi- 
nancial burden on the universities. This 
needs to be compensated by grants to 
the universities covering the full cost, 
just as research grants should provide for 
full coverage of indirect costs. 

8) The government has the responsi- 
bility for ensuring adequately broad sup- 
port of research by stimulating other 
sources of support and supplementing 
them. We favor a decision at the highest 
levels of government which would estab- 
lish a stable base in terms of which the 
core amount to be provided by the Fed- 
eral Government may be predetermined, 
but may be subject to review and re- 
appraisal at intervals. This is peculiarly 
needed in the support of research where 
effective use of funds requires assurance 
of continuity and stability. 

9) In general, close and effective con- 
tact, both intellectual and geographic, 
should be maintained between research 
institutes and universities to assure maxi- 
mum utilization of research facilities for 
the training of graduate students. But 
when there are obviously special needs 
of equipment and location, as in astron- 
omy, research institutes separate from 
universities are justified. 
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10) The welfare of the sciences must 
not be secured at the expense of other 
segments of the university. 


Report of Section II, 
Organization and Administration of 
Science in Government 


Section II was assigned the very broad 
topic of “Organization and Administra- 
tion of the Nation’s Scientific Effort.” 
This problem is so vast that the section 
felt that of necessity the topic had to be 
delimited in some way. Since planning 
on a national scale must be done mainly 
by the Federal Government, and since a 
large part of the financial support for re- 
search comes from Federal sources, the 
section addressed itself mainly to the 
problems of the Federal Government. 
Time did not permit consideration of the 
important roles of private agencies and 
of local and state governments. 

When one speaks of broad-scale plan- 
ning for the national organization for 
science, one must include not only a de- 
termination of the broad fields which 
should receive support but also the prob- 
lem of proper utilization of the scientific 
manpower that will come in increasing 
numbers from the colleges and univer- 
sities. 

Recommendations. The actions taken 
by the group may be divided into the 
following headings: 

A) A means of providing advice to the 
top-policy levels of government, as well 
as the planning for expenditure of large 
amounts of money and for the coordina- 
tion of government research activities. 

B) Contract and Civil Service labora- 
tories. 

C) Research laboratories and _insti- 
tutes. 

D) The organization of research and 
development in the Department of De- 
fense. 

A) Scientific Advice—Scientific Plan- 
ning on the National Scale. Science and 
technology have an impact on national 
policy both domestic and foreign. Sci- 
ence and technology are supported by 
the government both within government 
and outside of government. Furthermore, 
science and technology are utilized by 
government to perform its functions. 
Both functions require planning and co- 
ordination in the operational sense and 
in fact require planning on a national 
scale. 

11) The group felt, in regard to the 
impact of science and technology on na- 
tional policy, that this requires represen- 
tation of science and technology at high- 
est levels in government where such 
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national policies are formulated. Such 
representation will also provide the nec- 
essary interpretation in the evolution of 
national policy for science and technol- 
ogy. 

12) The present plan with Dr. J. R. 
Killian, Jr., as special assistant to the 
President does seem to furnish the neces- 
sary high-level representation, and we 
strongly endorse the continuation of 
such an arrangement. 

13) The establishment of a depart- 
ment of science which would have juris- 
diction over ail scientific activities of the 
government is undesirable at this time 
because: (i) Many scientific activities of 
the government are integral parts of the 
missions of existing departments and 
should remain within those departments. 
(ii) To set up a department of science 
for basic research alone is undesirable 
since it would segregate exactly those 
parts of science least relevant to political 
issues and place them under the direction 
of a cabinet officer who is automatically 
and properly a political appointee. 

14) We recognize and endorse the im- 
portance of the National Science Foun- 
dation in coordinating basic research 
among all agencies, both governmental 
and nongovernmental. 

15) The role of the National Acad- 
emy of Sciences-National Research 
Council as nongovernmental agencies 
through which advice to the government 
is rendered upon its request is strongly 
supported. 

16) The group addressed itself only 
to the basic research aspects of science 
and technology. The various departments 
and agencies in government that sup- 
port or perform research should continue 
to be free to engage in basic research as 
they recognize needs related to their 
operating responsibilities. As over-all 
funds for research increase, it will be 
necessary to do more planning and give 
closer scrutiny to national policy. By stat- 
ute, the National Science Foundation 
has been given major responsibility for 
formulating national scientific policy. 
This function will become more impor- 
tant as the availability of funds increases. 
In addition to expanding the horizon of 
national planning, the NSF should en- 
courage support for research in universi- 
ties and research institutions. The pro- 
cedures to be used in making funds avail- 
able may require modification to give 
more flexibility to those performing the 
research. This can be accomplished by 
permitting the Foundation to use its 
judgment regarding allocation of appro- 
priated funds, rather than by following 
the present procedure, in which the Bu- 


reau of the Budget and the Congress 
must give approval to specific items. 

B) Contract and Civil Service Labo- 
ratories. The group discussed the general 
problem of research laboratories oper- 
ated by contract, as for example under 
the Atomic Energy Commission, and 
those operated by the government under 
Civil Service. This dualism creates dif- 
ferent salary scales and different modes 
of operation. 

Both types of operation seem to have 
their proper place. Although some high- 
grade research laboratories are operated 
within the government framework, all 
suffer from the hampering influence of 
Civil Service personnel policies and 
regulations. 

17) Basic research should be carried 
on in government laboratories, partly be- 
cause basic research is often a necessary 
prerequisite to applied research and 
partly because some basic research will 
be necessary if personnel of high quality 
are to be secured and retained. 

18) It is highly desirable to organize 
retirement plans, insurance benefits, etc., 
so that a given individual may transfer 
from university to government and vice 
versa in middle life without danger of 
losing such benefits. The same problem 
arises between universities and to some 
extent between both government and 
universities and industry. 

C) Research Laboratories and Insti- 
tutes. The group discussed at some length 
the need for.new research laboratories 
and institutes. Separation of basic re- 
search from teaching is on the whole not 
advisable, although for specific problems 
it may from time to time be necessary 
to create new research institutes. 

Agreement was reached on the follow- 
ing points: 

19) An increase in the number of uni- 
versities with strong research programs 
and training at the graduate level is 
highly desirable. In increasing the num- 
ber, it is particularly important to widen 
the geographic distribution of such uni- 
versities. 

20) Increased staffs, with teaching 
loads so adjusted as to encourage re- 
search, are essential. Funds for capital 
expenditures for buildings and equip- 
ment must also be found. 

21) Research centers should wherever 
possible be associated with the teaching 
function. 

D) Defense. The group discussed at 
some length the problem of research in 
the Department of Defense. The prob- 
lems which affect the type of research 
and the recruitment of personnel in de- 
fense establishments are numerous. 








The group as a whole accepted the 
following points: 

22) The structure of research and de- 
velopment in the Department of Defense 
should be subjected to continuous re- 
examination. 

23) Able administration of research 
must be ensured, possibly by career offi- 
cers who are not subject to frequent ro- 
tation but more probably by civilians 
who would be allowed to attain high ad- 
ministrative posts, 

24) Decision between contract and 
civil-service operation was not made. 
Each probably will be necessary for cer- 
tain specific problems, but government 
operation not by contract will be essen- 
tial for many installations. 

25) The following points should also 
be stressed: (i) Greater continuity of 
budgets is desirable. (ii) Greater respon- 
sibility for programing should be placed 
on operating agencies. (iii) Special agen- 
cies may be created for specific or crash 
programs. 


Report of Section III, 
Communication among Scientists and 


Communication of Scientific Ideas 


The problems of communication are 
considered under two headings: (i) com- 
munication among scientists and (ii) 
communication between scientists and 
the public. . 

The following recommendations are 
directed in some cases to scientists them- 
selves, in other cases to the government, 
to fund-granting agencies, to the press, 
or to the general public. 

The following propositions provide a 
basis for specific recommendations. 

A) Communication among scientists 
and between scientists and the public is 
an essential part of research. 

B) It is important that the findings 
and conclusions of the scientist be pre- 
sented as effectively as possible to both 
groups. 

C) Agencies supporting research have 
a responsibility to contribute to the cost 
of publication and to the cost of personal 
contact among scientists at local, na- 
tional, and international levels. These 
two types of communication are impor- 
tant contributions to the development 
and use of new knowledge. 

D) It is to the public interest that 
every effort be made to preserve and 
strengthen those freedoms which are uni- 
versally recognized as essential to the pur- 


suit of study, research, and communica- 
tion, 
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Recommendations concerning Com- 
munication among Scientists. 26) It is 
recommended that scientists themselves 
improve the presentation of papers by 
use of clear, vigorous English with cor- 
rect technical terms and nomenclature, 
and improve the quality of what is com- 
municated by supporting critical and re- 
sponsible editorial policies in scientific 
periodicals. To this end we urge more 
systematic attention to expository writing 
on the part of graduate students in sci- 
ence. 

27) It is recommended that research- 
supporting agencies: (i) Provide finan- 
cial support where it is needed to ensure 
that publication is not withheld because 
of lack of funds; (ii) Recognize that 
monographs, abstracts, indices, reviews, 
compendia, books, bibliographies, and 
proceedings of symposia are important 
means of communication and that scien- 
tists should be supported in their prepa- 
ration. (iii) Encourage and support sci- 
entific meetings as an effective method 
for the exchange of information and the 
education of young scientists and the 
public, and small seminars (of sufficient 
duration for effective communication) as 
an essential method of communication 
among research scholars. (iv) Provide 
adequate support for research on new de- 
vices for recording, storing, and retrieving 
scientific information. 

28) It is agreed that the emergence 
of Russian as an increasingly important 
language makes it essential to provide 
translating services and to encourage uni- 
versities to offer instruction in this lan- 
guage. 

Recommendations concerning Com- 
munication between Scientists and the 
Public. In the past, progress in scientific 
research has been paralleled by similar 
progress in communications between sci- 
entists and the public. This has been 
marked by a gratifying improvement in 
the relationships between many scientists 
and many science writers and a growing 
understanding by each of these groups of 
the problems and responsibilities faced 
by the other. 

More significantly, this advance in 
communication has led to a growing ap- 
preciation and understanding of science 
by the public. In the past this has been 
desirable; today it is essential. Without 
public understanding of science in a 
democracy, neither democracy nor sci- 
ence can hope to survive. 

Where do we stand now? The facts are 
more encouraging than many scientists 
realize. Recent data clearly indicate that 
news of science is already read widely by 





the public, that there is a firm demand 
by readers on all educational and eco- 
nomic levels for more science news, and 
that public understanding of the scien- 
tist and his work is becoming increasingly 
accurate and realistic. 

These same data make it clear, how- 
ever, that the problems of communica- 
tion between scientists and the public 
have not been entirely solved. Further 
progress depends on increased participa- 
tion of scientists in helping to clarify 
scientific achievements and their social 
consequences. This in turn requires the 
further understanding and acceptance 
by scientists of certain basic concepts of 
communication. 

These are: (i) The work of the scien- 
tist is not truly completed until its sig- 
nificant results are communicated not 
merely to other scientists but to the pub- 
lic at large. (ii) In communication be- 
tween scientists and the public, full use 
should be made of all media of public 
information. (iii) In developing com- 
munication between scientists and the 
public, the major role must be under- 
taken by science writers or other inter- 
preters with professional training and 
standards. This does not absolve scien- 
tists of their responsibility to communi- 
cate directly with the public when they 
can do so. (iv) Scientists have not merely 
the right but the obligation to speak out 
against quacks, charlatans, and pseudo- 
scientists. (v) Except when necessary 
for national security, governmental cen- 
sorship and restrictions on the dissemi- 
nation of information in science are 
destructive, wasteful, and intolerable in 
a democratic society. 

Acceptance of these principles logi- 
cally suggests the following specific ac- 
tions for their prompt implementation. 

29) Since there is an increasing need 
for skilled science communication, sci- 
entists and their organizations should as- 
sume part of the responsibility for train- 
ing science writers in both government 
and private research facilities and uni- 
versities. Specifically, the American As- 
sociation for the Advancement of Science 
and other representative scientific or- 
ganizations should cooperate formally 
with the National Association of Science 
Writers and other agencies now conduct- 
ing such training programs. In addition, 
enabling legislation is recommended so 
that funds may be provided by such ap- 
propriate agencies as the National Sci- 
ence Foundation and the National Insti- 
tutes of Health to assist in these training 
programs. 

30) Scientists and their organizations 
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should join actively in the efforts of the 
American Society of Newspaper Editors, 
the American Bar Association, and other 
agencies now concerned with reducing 
governmental secrecy and protecting the 
public’s right to know. 

31) In addition to utilizing standard 
mass media of communication, individ- 
ual scientists and their organizations 
should make increasing and experimen- 
tal use of other means of contact between 
scientist and the public—in adult educa- 
tion programs, local discussion groups, 
and science fairs. Specifically, for ex- 
ample, the AAAS and the international 
scientific unions are urged to cooperate 
in the sponsorship of such appropriate 
ventures as the forthcoming World’s Fair 
of Science. 

32) In order to facilitate wise public 
decisions, scientific organizations have 
the responsibility to present, where pos- 
sible, evaluations of available facts on 


controversial public problems involving 


the social consequences of their fields of 
activity. Science does not speak with a 
single voice; in many cases there will be 
divergence of opinion among scientists 
themselves. Yet it is desirable to reduce, 
not increase, public confusion. One re- 
cently attempted solution is the appoint- 
ment by scientific organizations of expert 
committees to clarify for the public the 
evidence and the possible interpretations 
of its meaning. Other solutions must be 
sought. 


Report of Section IV, The 
Selection, Guidance, and 
Assistance of Students 


The advance of education is depend- 
ent upon support for faculty and institu- 
tions as well as for students. 

We recognize the need for increased 
support for students in all fields of edu- 
cational endeavor. Therefore funds must 
be provided not only for the support of 
students in mathematics, the natural sci- 
ences, and technology but also for those 
in the humanities and the social sciences. 

All citizens should have an opportu- 
nity to become familiar with the proc- 
esses, procedures, and findings of scien- 
tific endeavor. This requires education 
of all students to the full potential of 
their talent and motivation both during 
school years and thereafter. 

Recommendations. 33) The Federal 
Government should not assume the en- 
tire burden of the expanding education 
program. It is essential that states and 
local communities and ovher agencies 


18 APRIL 1958 


recognize their responsibilities in pro- 
moting and improving the entire educa- 
tional effort. 

34) Support and encouragement for 
high quality education in the sciences 
is needed at all levels of education. 

35) Programs of counseling, guidance, 
identification, and motivation of talented 
students should be developed through 
the cooperative efforts of institutions of 
higher learning and elementary and sec- 
ondary schools. 

36) There is a serious shortage of 
counselors. We recommend that both 
“short term” and “regular” institutes for 
counselors and teachers be supported by 
grants from the Federal Government. 

37) Testing for identification of abil- 
ities and for guidance should begin in 
the elementary school and should be a 
diversified and continuing process. Re- 
sponsibility for testing rests with states 
and localities, -but Federal support 
should be available, where necessary, to 
get such testing started. 

If there are Federal scholarships, se- 
lection of recipients should be made at 
the state level, using tests as one factor. 

38) At best a federal undergraduate 
scholarship program for high school 
seniors is only one facet of the necessary 
support of education. It carries within 
itself the danger of concealing other 
essential steps. 

39) Scholarships and fellowships, the 
cost of which is defrayed from Federal 
funds, should be awarded solely on the 
basis of merit. In a federal scholarship 
program there should be no restriction 
upon choice of specialty by the student. 

40) Fellowship programs in science 
should recognize the importance of com- 
plementary fellowships in the humanities 
and in the social sciences. 

41) Fellowship and grant programs 
should be made realistic in terms of sup- 
port to the fellows, their families, and 
the institutions they attend. 

42) A satisfactory fellowship program 
depends upon the quality of teaching 
and on the institutional resources. This 
quality varies greatly in different insti- 
tutions. Therefore, cooperation among 
educational institutions should be en- 
couraged to develop their different 
strengths. 

43) Students’ interest and competence 
can be enhanced by a variety of means 
in addition to scholarships. For example: 
(i) Summer institutes in science, mathe- 
matics, social sciences, and the humani- 
ties for superior high school students 
should be organized and operated by 
colleges and universities. Desirable sum- 


mer institutes for high school students 
can be provided through demonstration 
classes such as are now supported by the 
NSF at some institutes for teachers. Se- 
lection for a summer institute is one 
means of rewarding intellectual achieve- 
ment and of motivating students toward 
scholarly activities. (ii) Schools and col- 
leges should emphasize programs which 
permit gifted students to learn more and 
to benefit by each other’s intelligence and 
by superior teaching. Offering college 
level work for superior high school stu- 
dents is one means to these ends. (iii) 
In addition to training the critical facul- 
ties of students, more emphasis should 
be laid on the development of the cre- 
ative and imaginative capacities. 


Report of Section V, Improvement 
of Teaching and Education 


We believe that the primary goal of 
education should be the intellectual de- 
velopment of the individual. With its ac- 
celerating importance in our society, sci- 
ence has become an increasingly impor- 
tant part of general knowledge. We be- 
lieve that scientific education is best fos- 
tered as a part of a general emphasis on 
intellectual activity and that the press- 
ing need is for increased support of the 
social sciences and humanities as well as 
the natural sciences. 

Curriculum. 44) Science Teaching. 
The teaching of science should give due 
emphasis to the nature of science itself. 
It should not be simply a collection of 
facts. It should show the way in which 
scientific conclusions are drawn by ra- 
tional processes from observations and 
should emphasize the tentativeness of 
these conclusions. It should keep alive 
that curiosity and enthusiasm for learn- 
ing which are so necessary for all intel- 
lectual pursuits. 

45) Research in Education. We rec- 
ommend the support of research designed 
to improve the methods of attaining the 
educational goals set forth in the two 
preceding paragraphs. 

46) College Entrance Requirements. 
We believe that education in science, 
mathematics, and other subjects could be 
improved by generally raising university 
and college entrance requirements. This 
should be done in consultation with sec- 
ondary schools so that the requirements 
can be based on mutual understanding. 

47) Special Schools. We oppose the 
creation of a special “West Point of Sci- 
ence” or any federal educational institu- 
tion devoted solely to science training. 
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48) Students of Exceptional Ability. 
We urge that efforts be made to recognize 
at an early age students with high intel- 
lectual competence and that opportuni- 
ties be made available for them to re- 
ceive education commensurate with their 
abilities. 

49) Languages. In view of the crucial 
role that languages play in scientific 
communication, because of the great in- 
crease in international travel and com- 
munication and because of the ease with 
which languages are learned by the 
young, we urge that foreign-language in- 
struction be made available to students 
in grade schools and be strengthened in 
high schools and colleges. 

Teaching. 50) Salaries and Recogni- 
tion. The urgent need to develop fully 
the intellectual resources of our nation 
requires a prompt and thorough recogni- 
tion of the basic importance of educa- 
tion in our society. Our schools and col- 
leges will be able to contribute fully to 
the solution of the problems that now 
confront us only if the improvement of 
the teaching profession is accorded a 
high priority among our major concerns. 
We must compensate teachers at levels 
which reflect the degree to which the 
destiny of the nation depends on teaching 
of the highest quality. Only through such 
a realistic approach can we hope to solve 
the quantitative and qualitative short- 
ages which now seriously limit what 
schools and colleges are able to accom- 
plish. 

Preparation and Certification of 
Teachers in Elementary and Secondary 
Schools. 51) We recommend that the 
minimum requirements for academic 
subject courses for the certification of 
science teachers be raised to such a level 
that the teacher has a reasonable mastery 
of his subject. 

52) We recommend the continuance 
and expansion of teacher training pro- 
grams, such as those sponsored by the 
National Science Foundation. We urge 
state and local groups, both public and 
private, to lend their support, financial 
and otherwise, to programs that increase 
the subject-matter knowledge of people 
now teaching science. 

53) We recommend that credit to- 
ward professional advancement be given 
to postgraduate work in academic sub- 
jects related to the teaching field even 
when these do not carry graduate credit 
or count toward a graduate degree. 

54) We recommend that universities 
and colleges develop master’s degree 
programs in sciences which are specifi- 


cally designed to meet the needs of 
teachers. 

55) We believe that in many cases it 
is possible to reduce the number of hours 
in professional education courses re- 
quired for certification or graduation, 
and that the corresponding increase in 
opportunity for other courses would im- 
prove teaching effectiveness. 

56) We recommend that certification 
requirements in the several states be re- 
vised to make it possible for a college or 
university to prepare teachers for any 
state, and to facilitate the movement of 
teachers from state to state. 

57) We recommend that scientists and 
scientific organizations take the initia- 
tive in cooperating with various state and 
local groups concerned with primary, sec- 
ondary, and college teaching. 

58) Merit Increases. We believe that 
in principle merit salary increases are de- 
sirable. A carefully administered system 
of salary increases based in part on merit 
is one means of increasing the attractive- 
ness of teaching careers for students of 
superior competence. 

59) Use of College and University 
Students in Teaching. We believe that 
a potential reservoir of teaching talent 
lies in college and university students. 
We recommend that ways be found for 
using such students of special ability in 
various ways, such as in summer insti- 
tutes for gifted secondary school stu- 
dents. 

60) Science Supervisors. We recom- 
mend that in each state there be one or 
more scientifically qualified science con- 
sultants or supervisors in departments of 
public education or universities to have 
such functions as (i) representing science 
and scientists in the formation of educa- 
tional policy; (ii) serving as a liaison 
between scientists and teachers; and (iii) 
collecting and distributing to teachers in- 
formation helpful in science instruction. 

Priorities. 61) It is the sense of this 
group that federal and other funds for 
improvement of science education be as- 
signed priorities as follows: (i) improve- 
ment of education and encouragement of 
teachers by better salaries and opportuni- 
ties for further learning; (ii) new con- 
struction, facilities, and equipment; (iii) 
scholarships. 


General Conclusions 
Under the auspices of the American 


Association for the Advancement of Sci- 
ence, a representative group of over 100 





American scientists and public leaders 
met in Washington on 15-17 March 1958 
to consider current and pressing prob- 
lems of the support of science and the 
improvement of education. These prob- 
lems in large measure have resulted, di- 
rectly or indirectly, from the rapid ex- 
pansion of scientific knowledge and its 
technological application. This Parlia- 
ment of Science reached a number of 
conclusions which are set forth above. 
Underlying the specific conclusions are 
a much smaller number of general prin- 
ciples upon which the participants 
agreed. 

1) Scientific endeavor is one phase of 
human intellectual effort; the degree to 
which it flourishes depends largely upon 
the extent to which intellectual effort 
generally is supported and encouraged. 


2) Optimal progress in science re- ' 


quires increased support for basic re- 
search. 

3) As funds for the support of science 
increase, it becomes increasingly neces- 
sary to formulate appropriate plans and 
procedures for the administration and 
correlation of the total scientific effort 
and to give closer scrutiny to national 
scientific policy. 

4) In order that science may progress 
most effectively, and in order that science 
may be wisely used for the improvement 
of human welfare, scientists must have 
the maximum possible freedom to com- 
municate with each other, both in person 
and by publication, and to communicate 
with the public. 

5) Scientists are dedicated to the find- 
ing of new knowledge. As citizens, they 
have the responsibility to concern them- 
selves with the social consequences of 
their scientific findings and to inform the 
public of the consequences they foresee. 

6) The primary goal of education is 
the intellectual development of the in- 
dividual. The primary need of education 
is to employ quality and to raise stand- 
ards—of teachers, of curricula, and of 
what is expected of students, 

7) In the assignment of funds to the 
improvement of education, first priority 
should go to improvements in curricula, 
teaching, and the status and salaries of 
teachers. 

The Parliament of Science sponsored 
by the American Association for the Ad- 
vancement of Science illustrates a way 
whereby scientists may appropriately 
consider the social consequences of their 
findings. Future conferences of a similar 
sort could further explore problems of 
science and public policy. 


SCIENCE, VOL. 127 





































ers 
58 
ob- 
the 
ob- 
di- 


its 
lia- 
of 
ve, 
are 
rin- 
ants 


2 of 
e to 
pon 
fort 
ged. 


Te. 


nce 
CeS- 
and 
and 
ffort 
onal 


DT ESS 
ence 
nent 
have 
com- 
rson 
icate 


find- 
they 
hem- 
es of 
n the 
resee. 
on is 
e in- 
ation 
tand- 
id of 


o the 
jority 
icula, 
ies of 


sored 
e Ad- 
A way 
riately 
f their 
imilar 
ms of 


IL. 127 








Mammalian Viruses and 


Rickettsiae 


Their purification and recovery by cellulose 
anion exchange columns has significant implications. 


Bill H. Hoyer, Ellis T. Bolton, Richard A. Ormsbee, 
George LeBouvier, Daniel B. Ritter, Carl L. Larson 


Peterson and Sober (J) and Sober et 
al. (2) described the preparation of the 
cellulose ion exchangers, DEAE-SF and 
ECTEOLA-SF, and their use in column 
chromatography of proteins. The obser- 
vations of Commoner eé¢ al. (3) on the 
chromatography with ECTEOLA-SF of 
natural tobacco mosaic virus and recon- 
stituted virus nucleoprotein, as well as 
those of Taussig and Creaser (4) and 
Creaser and Taussig (5) on chromatog- 
raphy and purification of T1, T2r, and 
T2r+ bacteriophages with this cellulose 
ion exchanger, suggested its use in chro- 
matography of animal viruses. This arti- 
cle reports the results of exploratory 
chromatographic studies on the purifi- 
cation of several representative animal 
viruses and rickettsiae. It demonstrates 
that the chromatographic procedure pro- 
vides high yields of purified infectious 
agents and discusses some of the impli- 
cations of the findings for further funda- 
mental and applied research. 


Methods 


ECTEOLA-SF and DEAE-SF cellu- 
lose anion exchangers were used for 
column chromatography and_purifica- 
tion of poliomyelitis (Mahoney, type 1, 
Lansing, type 2, and Saukett, type 3), 
ECHO (type 13), and Coxsackie (type 
A9) viruses from ultracentrifuged con- 
centrates of tissue-culture fluids from in- 





Dr. Hoyer, Dr. Ormsbee, Mr. Ritter, and Dr. 
Larson are staff members of the Rocky Mountain 
Laboratory, Hamilton, Mont. Dr. Bolton is a staff 
member of the Department of Terrestrial Mag- 
netism, Carnegie Institution of Washington, Wash- 
ington, D.C. Dr. LeBouvier is a James Hudson 
Brown research fellow of the Yale University 
School of Medicine, New Haven, Conn. 
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fected monkey kidney or Detroit-98 
(D-98) cells (6). The behavior of con- 
centrates of Q fever and of epidemic 
typhus fever rickettsiae from chick-em- 
bryo yolk sacs and of Colorado tick fever 
virus in homogenates of brains from in- 
fected suckling mice was also examined. 

Preparations of ECHO, Coxsackie, 
and polio, types 1 and 3, were made 
from infected monkey kidney cell mono- 
layers in MS solution (7) containing 5 
percent calf serum. Polio, type 2, was 
prepared from D-98 cell monolayers in 
Eagle’s HeLa cell medium (8) with 5 
percent horse serum added. Virus con- 
centrates were prepared from tissue- 
culture fluids clarified by centrifugation 
at 3500 g for 30 to 60 minutes, followed 
by centrifugation at 100,000 g for 1 to 2 
hours. The sediments were suspended in 
0.01 or 0.02M phosphate buffer, pH 7.1, 
then recentrifuged at 100,000 g for 1 to 
2 hours, and finally resuspended in phos- 
phate buffer. Partially purified concen- 
trates of epidemic typhus and Q fever 
rickettsiae were made from infected 
chick-embryo yolk sacs by a modifica- 
tion of Bovarnick and Snyder’s method 
(9). The preparations of Colorado tick 
fever virus were homogenates of 20 per- 
cent (wt./vol.) suspensions, in 0.02M 
phosphate buffer, of brains from infected, 
moribund, suckling mice. 

Several virus preparations were made 
from appropriately infected tissue cul- 
tures grown in the presence of phos- 
phorus-32. in order to label the virus 
particles with a radioactive tracer. In 
such cases, MK or D-98 cells were over- 
laid with Eagle’s medium modified to 
contain 0.001M citrate buffer instead of 
phosphate buffer. To this medium was 


added 2.5 ug of KH,PO, per milliliter, 
0.01 to 0.07 mc/ml of carrier-free P22 
as orthophosphate, and dialyzed calf or 
horse serum (2 or 5 percent). 

Columns of cellulose ion exchangers 1 
em in diameter and 7 to 13 cm in length 
were employed. Such columns contained 
1.3 to 2.4 g of ECTEOLA-SF (0.2 milli- 
equivalent/g) or 0.7 to 1.4 g of DEAE- 
SF (1.0 milliequivalent/g). Preparations 
of viruses and rickettsiae were loaded 
onto the columns in 1- to 5-ml quantities 
and eluted with successive 1-ml quanti- 
ties of phosphate buffer, or phosphate 
buffer containing increasing concentra- 
tions of NaCl; volumes of 10 to 20 ml 
of each eluent were used. The usual 
elution schedule was as follows: 0.01M 
phosphate buffer, 0.02M phosphate buf- 
fer, 0.1M NaCl in 0.02M phosphate buf- 
fer, 0.25M NaCl in 0.02M phosphate buf- 
fer, and 0.5M NaCl in 0.02M phosphate 
buffer. Columns were operated under air 
pressure of about 6 Ib/in.2 with flow 
rates of approximately 0.5 ml per min- 
ute. 

Titrations of eluates were made with 
tenfold serial dilutions placed in tubes 
containing monkey kidney tissue cultures, 
and the endpoints, in terms of tissue-cul- 
ture doses (TCD,,), were calculated by 
the method of Reed and Muench (10). 
Colorado tick fever virus was similarly 
diluted, although it was necessarily 
titrated in suckling mice. The radioac- 
tivity of dried samples in planchets was 
assayed with a mica, end-window Geiger- 
Mueller tube (1.8 mg/cm?) and a deci- 
mal scaler. 


Rickettsiae 


Figure 1 strikingly illustrates that ad- 
sorption from 0.02M phosphate onto 
ECTEOLA-SF and elution with 0.1M 
NaCl in 0.02M phosphate buffer and 
0.2M sucrose removed nearly all con- 
taminating material from partially puri- 
fied suspensions of Q fever rickettsiae. 
Preparations suspended in 0.02M phos- 
phate buffer containing 0.1M NaCl and 
0.2M sucrose were air-dried on Form- 
var membranes, fixed with osmic acid 
vapor, washed with distilled water, and 
shadowed with a platinum-palladium al- 
loy. Yolk-sac material, still present de- 
spite differential centrifugation and celite 
treatment (Fig. 1, top), was removed by 
one passage through an ECTEOLA-SF 
column (Fig. 1, middle and bottom). 
Similar results were obtained with epi- 
demic typhus rickettsiae. 


859 











Fig. 1. Electron micrographs of Q fever rickettsiae. (Top) “Purified” (9) rickettsiae. 
(Middle) Rickettsiae from the same preparation after adsorption onto an ECTEOLA-SF 
column and elution by 0.1M NaCl at comparable magnification. (Bottom) Typical low- 
magnification field of a purified preparation. Rickettsiae were prepared for observation 
and electron micrographs were made by Edgar Ribi and William R. Brown of the Rocky 
Mountain Laboratory. 
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Viruses 


Table 1 summarizes the chromato- 
graphic behavior of the viruses studied. 
The viruses, as determined by titration, 
emerged from the columns in well-de- 
fined regions of the eluate and invariably 
in excellent yield. 

ECHO. Preparations of ECHO-13 
virus, concentrated from  tissue-culture 
fluids from monkey kidney cells infected 
in the presence of P82, were adsorbed 
onto ECTEOLA-SF and eluted. Eluates 
containing viable virus were pooled, con- 
centrated by centrifugation, and read- 
sorbed onto an ECTEOLA-SF column 
from 0.01M phosphate buffer at pH 7.1. 
The virus could again be eluted with 
0.1M NaCl (Fig. 2). Results which re- 
late the amount of virus recovered and 


the radioactivity eluted are illustrated in 


Fig. 2. This figure shows that 88 percent 
of the virus recovered was in 1 ml of 
eluate. This fraction contained most of 
the radioactivity (0.3 count/min per 
2000 tissue-culture doses). ECHO-13 
could also be eluted from DEAE-SF by 
0.1M NaCl, as determined by titration, 
although the elution diagram showed ap- 
preciable tailing. 

Coxsackie. Coxsackie A9 virus, from 
a P%?-labeled tissue-culture fluid con- 
centrate, suspended in 0.02M _phos- 
phate buffer, readily passed through an 
ECTEOLA-SF column, and 98 percent 
of the added virus appeared in the first 
few milliliters of effluent (Fig. 3). This 
effluent contained only 5 percent of the 
radioactivity initially present in the 
preparation. 

Poliovirus. Polio, type 2, derived from 
infected, P82-labeled D-98 cells and sus- 
pended in 0.02M phosphate buffer was 
passed through an ECTEOLA-SF col- 
umn, Titratable virus and radioactivity 
showed definite correspondence (Fig. 4) 
although less than 4 percent of the radio- 
activity added to the column appeared 
in effluents containing 99 percent of the 
detectable virus. Most of the titratable 
virus appeared before the fifth milliliter 
of 0.02M phosphate buffer had passed 
through the column (Fig. 4A). The 
elution of this virus from DEAE-SF was 
similar to that from ECTEOLA-SF, but 
less sharp. Effluents which contained 
virus were pooled and reexamined chro- 
matographically as follows: Without fur- 
ther treatment, one portion was again 
chromatographed. The elution pattern 
was identical with that of the virus-con- 
taining portions of the original tissue- 
culture fluid concentrate (Fig. 4B). 
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About 0.4 counts/min per 2000 tissue- 
culture-doses were found in the 1-ml 
fraction which contained most of the 
detectable virus. Another portion was 
dialyzed, first against running tap water 
and then against 0.02M phosphate buf- 
fer. Eighty-five percent of the radioac- 
tivity was retained within the dialysis 
bag despite prolonged and repeated di- 
alysis. In addition, 78 percent of the 
radioactivity of another aliquot was 
found in the sediment after centrifuga- 
tion at 80,000 g for 100 minutes. The 
elution diagram of a portion of this non- 
dialyzable material was identical with 
that of polio 2 virus derived from the 
crude concentrate or from column elu- 
ates. These findings demonstrated that 
the chromatographic behavior of the 
virus remained constant during these 
treatments. 

Ultraviolet absorption spectra of po- 
lio 2 preparations (10%° TCD,,/ml) 
purified by passage through an ECTE- 
OLA-SF column possessed a character- 
istic nucleoprotein absorption peak at 
260 mp which was not apparent in the 
spectrum of the input material (Fig. 5). 

Poliovirus, type 1, concentrated by 
centrifugation, washed, and resuspended 
in 0.01M phosphate buffer, pH 7.1, was 
added to an ECTEOLA-SF column. The 
major portion was recovered in the first 
eleven milliliters of 0.01M phosphate 
buffer eluent. Type 3 poliovirus in tissue- 
culture fluid, diluted 1:10 with 0.02M 
phosphate buffer, pH 7.1, and added to 
an ECTEOLA-SF column, was recov- 
ered in the first five milliliters of the ini- 
tial eluent, 0.02M phosphate buffer. 
These findings do not necessarily imply 
different elution characteristics for these 
polioviruses, since the initial conditions 
were not comparable. 

Colorado tick fever. Five milliliters of 
Colorado tick fever virus, in the form 
of 20 percent mouse-brain homogenate, 
were adsorbed onto a 10-cm ECTEOLA- 
SF column. Elution results are given in 
Table 2. Most of the titratable virus (67 
percent) was eluted by 0.50M NaCl in 
phosphate buffer, whereas only 13 per- 
cent of the total protein added to the 
column was recovered in this fraction. 
Thus, partial virus purification was 
achieved, even from very crude starting 
material, and virus recovery was satis- 
factory. 

In the experiments described, mate- 
tial loaded onto the columns (except 
for the Colorado tick fever suspension 
described above) generally contained 
from 0.2 to 1.0 mg of protein [0.7 to 3.5 
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absorbance units determined by the pro- 
cedure of Lowry et al. (11); protein 
values are expressed in terms of a stand- 
ard solution of crystallized bovine albu- 
min, Armour and Co., Chicago, IIl.]. 
Eluates with the major portion of titrat- 
able virus usually contained less than 20 
ug of protein per milliliter. When these 
eluates were again adsorbed and eluted, 
protein was generally not detectable 
(less than 1 ug) in the virus-containing 
fractions, although most of the virus 
was recovered. 





Discussion 


The foregoing data indicate that rick- 
ettsiae and some mammalian viruses can 
be adsorbed onto and selectively eluted 
from ECTEOLA-SF and DEAE-SF col- 
umns. The conditions under which this 
can be accomplished also permit the re- 
covery of essentially all the virus added 
to the columns and allow the removal 
of much extraneous substance. 

Coxsackie A9, and poliovirus, types 
1, 2, and 3, did not appear to be ad- 

















Fi20 
100 
| * Fig. 2. Relationship be- 
ae * tween virus recovery and 
5 rs radioactivity (P*) from a 
=} 60 w preparation of ECHO-13 
a 8 virus grown on P*-labeled 
Fh ao = monkey kidney cells, ad- 
2 % sorbed onto an ECTEOLA- 
-$ : SF column, and eluted by 
= [20 i”  0-1M NaCl. 
Pat “ 2. 
@-0—0— haan ry ee 
mi ELUATE |2 6 io] ia ie 22 26] 30 32 34 36 
ELUENT] o.oimPa | 0.02 M PB O.1M Nac 
Lea 
7. i 100 ~ . . 
| +40 Fig. 3. Relationship be- 
[3 ool? tween virus recovery and 
re [40g = & radioactivity (P™) from a 
< j : @ preparation of Coxsackie 
Sti 3 604 AQ virus grown on P*- 
ela 3 3 labeled monkey kidne 
z j i 6 labe y y 
4 Fae 404" cells, adsorbed onto an 
a 4 ae w ECTEOLA-SF column, 
Olin = ond z and eluted by 0.02M phos- 
. |\ 5 x phate buffer. 
a]: %, 
ab aimee ee ae 











i i r ry i 
miELUATE2 4 6 8 10] 12 14 16 18 20] 22 24 26 28 |3032 34 





ELUENT 0.02M PB | 01M NaCl 


| 0.25M Nact 


1 0.5OM Naci 





Table 1. 
ECTEOLA-SF and DEAE-SF columns. 


Summary of elution characteristics of viruses and their recovery from 





Titers of virus} 











Agent Source Eluent* Total 
added Eluate 
Polio 2 Tissue-culture fluid 0.02M phosphate buffer 9.0 8.8 
Polio 2 Tissue-culture fluid 0.02M phosphate buffer* 8.6 8.6 
Colorado tick fever Mouse brain 0.5M NaCl 8.9 8.8 
ECHO-13 Tissue-culture fluid 0.1M NaCl 5.3 5.4 
ECHO-13 Tissue-culture fluid 0.1M NaCl* 6.8 6.8 
Coxsackie A9 Tissue-culture fluid 0.02M phosphate buffer 9.6 9.3 
Polio 1 Tissue-culture fluid 0.01M phosphate buffer 7.8 8.0 
Polio 3 Tissue-culture fluid 0.02M phosphate buffer 7.5 7.5 





* Virus first appeared in large quantity when columns were eluted with phosphate buffer or PB + NaCl 
in the concentration noted. Those eluents marked by asterisks indicate that results were obtained with 


DEAE-SF;; all others were obtained with ECTEOLA-SF. 


+ Virus titrations are expressed as log,, of the TCD,, or LD,. The titer in the column “Eluate” refers 
only to the virus released by the eluent noted in column 3. 
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sorbed under the conditions employed, 
since they appeared in the very early 
fractions of the initial eluents. In spite 


of this behavior, a considerable degree 
of purification can be achieved. For 





example, most of the contaminating, 
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Table 2. Behavior on an ECTEOLA-SF column of Colorado tick 
mouse-brain homogenate. 





: Percentage of 
Preparation 


Number of LD,, 


fever virus from a 


Protein content 





recovered virus of eluates 
Original 8 x 108 86 units* 
0.02M eluate 0 0 8.8 units (10)} 
0.10M eluate 1 x 108 1 9.2 units (11) 
0.25M eluate 2 x 108 22 13.1 units (15) 
0.50M eluate 6 x 108 67 11.1 unit (13) 
Total recovered 9 x 108 





* A unit is equivalent to 270 wg of standard crystallized bovine albumin (Armour 
as determined by the procedure of Lowry et al. (11). 





and Co., Chicago, Ill.) 


+ The figures in parentheses indicate the percentage of original protein recovered in the eluate. 
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phosphorus-containing material can be 
adsorbed by the ion exchanger and can 
be separated from the infectious par- 
ticles. Furthermore, most of the extrane- 
ous protein can be adsorbed by the ion 
exchanger and also separated from the 
virus. The close correspondence between 
virus activity and P%? distribution also 
indicates that marked virus purification 
was accomplished with ECHO-13 and 
polio 2 viruses. These data indicate the 
practicality of simply and _ effectively 
labeling and purifying useful quantities 
of infectious mammalian viruses. Such 
viruses may well provide a much-needed 
material for studying virus-host relation- 
ships and the antigenic properties of ani- 
mal viruses. 

Rickettsiae, as exemplified by the or- 
ganisms of Q fever and epidemic typhus, 
can be adsorbed and purified on cellu- 
lose exchangers. Rickettsial preparations’ 
of the purity indicated by the electron 
micrographs (see Fig. 1) are of ob- 
vious significance for studying rickett- 
sial chemistry, metabolism, and im- 
munology. 

It is of particular interest that differ- 
ences in chromatographic behavior, irre- 
spective of particle size, have been dem- 
onstrated. Such different behavior must 
be presumed to be due to intrinsic dif- 
ferences in the surfaces of these agents. 
This is strongly suggested by the work of 
Taussig and Creaser on the coliphages 
(4, 5) in which the virus behavior in a 
column was shown to be determined by 
the character of the protein moiety. 
Among the viruses examined in the pres- 
ent investigation, ECHO-13 and Colo- 
rado tick fever are definitely different 
from each other as well as from the 
group comprising poliovirus, types 1, 
2, and 3, and Coxsackie A9. ECHO- 
13 was eluted by 0.144 NaCl, whereas 
Colorado tick fever was eluted prin- 
cipally by 0.5M NaCl; in contrast, the 
other species studied passed through the 
column at very low salt concentrations. 
The character of the brain suspension 
may have modified the behavior of the 
Colorado tick fever virus on the column, 
but subsequent experiments with prepa- 
rations containing very small amounts of 
brain material indicated similar elution 
behavior. 

The experiments reported above are 
essentially exploratory. Nevertheless, the 
simplicity of this type of purification 
and examination of animal viruses en- 
courages the hope that studies of these 
viruses will be concerned as much with 
the virus itself as with contaminating 
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host material. Elimination of contami- 
nating host material from virus vaccines 
may be very important in reducing “side 
effects,’ such as allergic encephalitis, 
from vaccines which can be obtained 
only from tissues of whole animals. 
Chemical inactivations of viruses may 
also be carried out in systems relatively 
free of contaminants which would nor- 
mally react with the inactivating agents 
and, thus, alter their effects on the vi- 
ruses themselves, Differences in elution 
characteristics of the viruses presently 
investigated strongly suggest that surface 
properties of animal viruses can be in- 
vestigated by means of chromatographic 
methods. In this connection, preliminary 
experiments (12) have shown that for- 
maldehyde-treated polio 2 can be sepa- 
rated from untreated virus. 

In general, we feel that procedures 
such as those described offer the definite 
hope that studies of animal viruses will 
no longer be hampered by the past diffi- 
culties involved in preparation of puri- 
fied agents. 


Summary 


Techniques of column chromatogra- 
phy with cellulose ion exchangers have 
been successfully applied to mammalian 
viruses and rickettsiae. Recovery of virus 
is excellent, and appreciable purification 
in terms of phosphorus and protein re- 
moval has been demonstrated. 

Elution characteristics of poliovirus 
(types 1, 2, and 3), and Coxsackie 
A9 virus are similar, whereas those of 
ECHO-13 and Colorado tick fever differ 
from them as well as from each other. 

Elution diagrams of preparations of 
ECHO-13 and polio 2 viruses grown on 
P2-labeled tissue cultures show a high 
degree of correlation between the distri- 
bution of titratable virus and the distri- 
bution of radioactivity. 

A single adsorption and elution of Q 
fever or epidemic typhus fever rick- 
ettsiae results in a striking degree of 
purification, as demonstrated by electron 
micrographs. 

The chromatographic behavior of the 


Charles Franklin Brooks, 
Meteorologist 


Charles Franklin Brooks, professor of 
meteorology, emeritus, at Harvard Uni- 
versity, died suddenly at his home on 8 
January 1958, in his 67th year. Although 
he had retired last year from the direc- 
torship of Harvard’s Blue Hill Meteoro- 
logical Observatory, he had remained 
active in meteorological affairs; on the 
morning of his death he had made nu- 
merous samplings and measurements of 
the fresh snowfall. 

Dr. Brooks’s career spanned all the 
tremendous development in meteorology 
which has been concentrated in the pres- 
ent century. He was born in St. Paul, 
Minnesota. The severe summer thunder- 
storms which occur in that part of the 
country impressed him during his youth 
and served to spark his interest in the 
weather. He applied climatology early 
in life when he computed his rates for 
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a contract in snow shoveling by the sea- 
son versus rates per storm. 

His university education was pursued 
at Harvard, where he received the A.B. 
in 1911, the A.M. in 1912, and the Ph.D. 
in 1914. His Ph.D. in meteorology was 
the second to be awarded in this country. 

He went to Washington, D.C., to work 
on the Atlas of American Agriculture. 
Then he became instructor in geography 
at Yale University (1915-18). Later he 
served as instructor in meteorology for 
the U.S. Army Signal Service at College 
Station, Texas. Following this work he 
returned to Washington to edit the 
Weather Bureau’s Monthly Weather Re- 
view (1918-21). For the next decade he 
taught meteorology and climatology in 
the Graduate School of Geography at 
Clark University. 

The American Meteorological Society 


animal viruses and rickettsiae appears to 
depend more upon the chemical nature 
of the surfaces of these infectious agents 
than upon their size. 

The chromatographic procedure de- 
scribed may prove useful in the prepa- 
ration of purified, P3?-labeled, fully in- 
fectious animal viruses for further fun- 
damental research. It may also prove 
useful for the removal of unwanted host 
materials in the preparation of vaccines. 
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was founded in 1919 largely through the 
personal energy and enthusiasm of Dr. 
Brooks. He was elected secretary at the 
first meeting and served in that office 
until 1954. He was editor of the society’s 
Bulletin during the first 19 years, and 
more recently he became known as “Mr. 
American Meteorological Society.” 

In 1931 he took the post of professor 
of meteorology at Harvard and director 
of the Blue Hill Meteorological Observ- 
atory. Under his directorship the observ- 
atory once more gained international 
recognition, as the staff and number of 
projects increased. 

In 1940 the Weather Bureau Solar 
Radiation Field Testing Unit was moved 
from Washington, D.C., to Blue Hill at 
Dr. Brooks’s suggestion, because the new 
location provided better exposure and 
proximity to other laboratories experi- 
menting with the uses of solar energy. 
The Weather Bureau still maintains a 
solar observing unit at the Blue Hill Ob- 
servatory. 

In 1932 Dr. Brooks was instrumental 
in reestablishing a weather observatory 
at the top of Mount Washington. He be- 
came its president and engaged actively 
in this work until his death. Without his 
efforts, the Mount Washington Observa- 
tory almost certainly would have failed 
during times of crisis. 








From the first few years of the Mount 
Washington observations he was able to 
illustrate their value to the Weather Bu- 
reau as aids in forecasting storms and 
cold wayes. This, subsequently, led to 
the Bureau’s support of the observational 
program. Liquid water content and icing 
rate of clouds were first routinely ob- 
served on the mountain. This work, al- 
ways heartily endorsed by Dr. Brooks, 
led to many experiments in cloud phys- 
ics and to the collecting of valuable data 
for the aircraft and tower industry, the 
latter having developed with the need 
for tall television and microwave towers. 

Dr. Brooks’s chief scientific studies 
have been on weather and climate. In 
his studies of the relations between ocean 
weather and synoptic meteorology, the 
difficulties and inaccuracies of meteoro- 
logical measurements at sea became ap- 
parent. Studies of instrumentation and 
recommendations concerning the meth- 
ods of observation followed. 

At Blue Hill he prepared, jointly with 
A. J. Connor, basic climatic maps of 
North America which are still consid- 
ered the best available for the area. 

In the 1930’s he set up a network of 
special weather stations over New Eng- 
land for the study of eclipse meteorol- 
ogy. His findings show the detailed 
changes in the weather which occur dur- 
ing an eclipse. 

Under his direction the American 
chronometric radiosonde was developed 
at Blue Hill and, for a time, used rou- 
tinely by the U.S. Weather Bureau and 
other countries. He studied the deficien- 


cies of precipitation gages, designed. and 
put into use new windshields which pro- 
vide better “catch” during windy storms 
of rain or snow. His interpretation of 
clouds in terms of stability and general 
pattern of the atmosphere is well known 
among meteorologists. During World 
War II he taught new Weather Bureau 
and Civil Aeronautics Authority observ- 
ers methods of cloud observation. 

His knowledge of clouds, instruments, 
and methods of observation led the In- 
ternational Meteorological Organization, 
which later became the World Meteoro- 
logical Organization, to utilize his ex- 
perience in these matters in the late 
1940’s and early 1950’s. He served this 
organization as a member of the com- 
mittee which prepared the Jnternational 
Cloud Atlas. In 1953 he participated in 
the meetings of the Commission on In- 
struments and Methods of Observation 
of the World Meteorological Organiza- 
tion. 

Although he was above all an observer, 
he heartily endorsed theoretical work in 
cloud physics and weather radar at Blue 
Hill. 

In New England, Dr. Brooks has 
probably done more for the US. 
Weather Bureau than any other single 
person. He helped obtain a district fore- 
cast office in Boston, when previously the 
forecasts emanated from Washington. 
He was a strong advocate of hurricane 
research which could be applied to New 
England as well as to other areas, and 
he was constantly in touch with his sena- 
tors and congressmen, emphasizing the 


News of Science 


President’s Message on 
Space Agency 


President Eisenhower has proposed the 
creation of a National Aeronautics and 
Space Agency. He described the new 
agency on 3 April in a special message 
to Congress. 

: . An imaginative and well-con- 
ceived space program must be given high 
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priority and a sound organization pro- 
vided to carry it out. Such a program 
and the organization which I recom- 
mend should contribute to (1) the ex- 
pansion of human knowledge of outer 
space and the use of space technology 
for scientific inquiry; (2) the improve- 
ment of the usefulness and efficiency of 
aircraft; (3) the development of vehicles 
capable of carrying instruments, equip- 





needs of the Bureau. For nine years he 
and other staff members of the observa- 
tory studied snowstorms affecting the 
Boston area. This work helped to im- 
prove the forecasting of snowstorms for 
this area. 

He was a fellow of the Royal Meteoro- 
logical Society of Great Britain, a mem- 
ber of many scientific organizations in 
the United States, and, at one time, 
president of the Association of American 
Geographers. He served with the U.S, 
Quartermaster Corps, the Office of Sci- 
entific Research and Development, and 
the National Research Council. 

His book, Why the Weather, pub- 
lished in 1921 and revised and enlarged 
in 1935, has served to inspire many to 
become meteorologists. 

After the founding of the Lowell 
Broadcasting Council and of its radio 
station, WGBH-FM, whose transmitter : 
is located on Blue Hill, he gave weekly 
talks on current events, both local and 
international, in the ever-expanding field 
of meteorology. 

The most important phase of his career 
revolved around his unique personality. 
He worked and played at meteorology 
almost continuously, yet during all of 
this activity, Dr. Brooks showed a warm 
sympathy for all men, and he gave his 
time and energy unstintingly, day or 
night, to all who sought his advice—re- 
gardless of their academic degrees or 
lack of them. 

Joun H, Conover 
Blue Hill Meteorological Observatory, 
Harvard University 


ment, and living organisms into space; 
(4) the preservation of the role of the 
United States as a leader in aeronautical 
and space science and technology; (5) 
the making available of discoveries of 
military value to agencies directly con- 
cerned with national security; (6) the 
promotion of cooperation with other na- 
tions in space science and technology, 
and (7) assuring the most effective utili- 
zation of the scientific and engineering 
resources of the United States and the 
avoidance of duplication of facilities and 
equipment.” 

Civilian control. “I recommend that 
aeronautical and space science activities 
sponsored by the United States be con- 
ducted under the direction of a civilian 
agency, except for those projects pri- 
marily associated with military require- 
ments. I have reached this conclusion be- 
cause space exploration holds promise of 
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adding importantly to our knowledge of 
the earth, the solar system and the uni- 
verse, and because it is of great impor- 
tance to have the fullest cooperation of 
the scientific community at home and 
abroad in moving forward in the fields 
of space science and technology. More- 
over, a civilian setting for the adminis- 
tration of space function will emphasize 
the concern of our nation that outer 
space be devoted to peaceful and scien- 
tific purposes.” 

NACA to be absorbed. “I am, there- 
fore, recommending that the responsi- 
bility for administering the civilian space 
science and exploration program be 
lodged in a new National Aeronautics 
and Space Agency, into which the Na- 
tional Advisory Committee for Aero- 
nautics would be absorbed. Hence, in ad- 
dition to directing the nation’s civilian 
space program, the new agency would 
continue to perform the important aero- 
nautical research functions presently car- 
ried on by the National Advisory Com- 
mittee for Aeronautics. The new agency 
would be headed by a director appointed 
by the President and with the advice and 
consent of the Senate.” 

Space board proposed. “In order to 
assist the President and the director of 
the National Aeronautics and Space 
Agency, I recommend that a National 
Aeronautics and Space Board, appointed 
by the President, be created. Several of 
the members of the board should be 
from the Government agencies with the 
most direct interest in aeronautics, space, 
science, and space technology. To assure 
that military factors are considered by 
the board, at least one member should 
be appointed from the Department of 
Defense. Members appointed from out- 
side the Government should be eminent 
in science, engineering, technology, edu- 
cation or public affairs and be selected 
solely because they have established rec- 
ords of distinguished achievements.” 

Agency’s authority; salaries. “The Na- 
tional Aeronautics and Space Agency 
should be given that authority which it 
will need to administer successfully the 
new programs under conditions that can- 
not now be fully foreseen. 

“In order that the agency may attract 
and retain the services of scientists and 
technicians which it must have to carry 
out its responsibilities with full effective- 
ness, it should have the authority, sub- 
ject to regulations prescribed by the 
President, to fix the compensation of its 
employees at rates reasonably competitive 
with those paid by other employers for 
comparable work without regard to the 
provisions of existing classification laws. 

“The agency should have the power to 
conduct research projects in its own fa- 
cilities or by contract with other quali- 
fied organizations. It will thus be free to 
enlist the skills and resources required 
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for the space program wherever they 
may be found, and to do so under the 
arrangements most satisfactory to all con- 
cerned.” 

Cooperation with military. “Provisions 
should also be made for continuing and 
further enhancing the close and effective 
cooperation with the military depart- 
ments which has characterized the work 
of the National Advisory Committee for 
Aeronautics. Under such cooperative ar- 
rangements it is expected that the Na- 
tional Aeronautics and Space Agency 
will perform research required in the 
furtherance of strictly military aeronau- 
tics and space objectives, just as the Na- 
tional Advisory Committee for Aeronau- 
tics now carries on important research 
work for the military services in aerody- 
namics, propulsion, materials and other 
fields important to the development of 
military aircraft and missiles.” 

NACA’s present research. “The Na- 
tional Advisory Committee for Aeronau- 
tics is already engaged in research di- 
rectly related to flight outside the earth’s 
atmosphere and has research facilities 
adapted to work in space science. Upon 
the enactment of legislation carrying out 
my recommendations, all of the resources 
of the National Advisory Committee for 
Aeronautics would immediately come un- 
der the direction of the new agency.” 

Programs to be transferred. “The De- 
partment of Defense and its contractors, 
as well as other agencies, have active pro- 
grams which should be considered for 
administration by the National Aeronau- 
tics and Space Agency. I recommend 
that this fact be taken into account and 
provision made for the transfer to the 
agency of such functions, activities, and 
facilities of other departments and agen- 
cies as may be found to be appropriate 
for administration by the new agency, 
subject to the concurrence of the heads 
of the affected agencies and with the ap- 
proval of the President. 

“The Director of the Bureau of the 
Budget is transmitting to the Congress 
draft legislation to establish the National 
Aeronautics and Space Agency and to 
authorize research into the problems of 
flight within and outside the earth’s at- 
mosphere. I urge that the Congress give 
prompt consideration to the draft legis- 
lation and that it be enacted at the ear- 
liest possible date.” 

ARPA interim program. “Pending 
enactment of legislation, it is essential 
that necessary work relating to space 
programs be continued without loss of 
momentum. For this reason I have ap- 
proved, as part of an interim program of 
space terminology and exploration, the 
launching of a number of unmanned 
space vehicles under the direction of the 
Advanced Research Projects Agency of 
the Department of Defense. The projects 
which I have approved include both sci- 


entific earth satellites and programs to 
explore space. In taking this interim ac- 
tion, I directed the Department of De- 
fense to coordinate these projects with 
the National Advisory Committee for 
Aeronautics, the National Science Foun- 
dation, and the National Academy of 
Sciences. I also indicate that when a 
civilian space agency is created, these 
projects would be reviewed to determine 
which should continue under the direc- 
tion of the Department of Defense and 
which should be placed under the new 
agency. 

“It is also important that measures be 
taken to assure the prompt and orderly 
implementation of the proposed aero- 
nautics and space legislation when en- 
acted...” 

Military space research. “It is con- 
templated that the Department of De- 
fense will continue to be responsible for 
space activities peculiar to or primarily 
associated with military weapons systems 
or military operations. Responsibility for 
other programs is to be assumed by the 
new agency. In this connection, I com- 
mend to the attention of the Congress the 
comments of my Science Advisory Com- 
mittee, in its statement of March 26, 
1958, on the military applications of 
space technology” [Science 127, 803 (11 
Apr. 1958) ]. 

NACA to prepare recommendations. 
“T am also asking the National Advisory 
Committee for Aeronautics to begin im- 
mediate preparation of such detailed 
plans as may be required to prepare for 
the assumption by the National Aero- 
nautics and Space Agency of the respon- 
sibilities contemplated for it. Those plans 
are to set forth the specific new space 
programs to be initiated and are to 
describe the international organization, 
management structure, staff, facilities, 
and funds which will be required. The 
National Advisory Committee for Aero- 
nautics is to discuss with the National 
Science Foundation and the National 
Academy of Sciences the matter of par- 
ticipation by the scientific community in 
determining the scientific objectives of 
our space programs. The best scientific 
judgment available should be utilized. 
Matters related to dissemination of the 
data collected should also be considered. 

“T have also instructed the National Ad- 
visory Committee for Aeronautics to as- 
sume the responsibility for preparing and 
presenting to the appropriate committees 
of the Congress a full explanation of the 
proposed legislation and its objectives 

“The vigorous program contemplated 
will depend not only on adequate legis- 
lative authority but also on adequate 
financial support. I shall shortly submit 
to the Congress an amendment to the 
fiscal year 1959 budget to provide funds 
that will be needed by the new agency 
in its first year of operation.” 
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Underground Test Error 


On 6 March the Atomic Energy Com- 
mission issued a report on the under- 
ground nuclear shot exploded in Nevada 
on 19 September. The report contained 
inaccurate information about the distance 
at which the test had been detected 
[Science 126, 200 (2 Aug. 1957)]. The 
release said “the off-site movement” was 
slight and the “maximum distance” at 
which the earth waves of the shock were 
recorded was about 250 air miles away. 
In contradiction to this statement, Har- 
old Stassen had told a Senate Disarma- 
ment Subcommittee hearing on 28 Feb- 
ruary that the “very small nuclear shot 
that was put out underground in last 
year’s test was recorded on every seismic 
instrument within 1000 miles.” 

Correction. According to a later ex- 
planation by the AEC, “a news corre- 
spondent on 7 March called” to check 
on the distance at which the shot was 
detected. The correspondent, I. F. Stone, 
describes in his Weekly (17 and 24 
March issues) how he checked New 
York Times reports of last September 
that the test was recorded in Toronto 
and Rome. He called the Coast and 
Geodetic Survey and obtained a “list of 
19 seismic stations in the U.S. and 
Canada .. . which are definitely known 
to have recorded the underground test,” 
and asked the AEC for an explanation. 

On 10 March the AEC issued a cor- 
rection that said: “Seismological sta- 
tions . . . as far away as College (near 
Fairbanks), Alaska, about 2320 miles 
from the shot mesa, recorded the earth 
waves.” Sen. Hubert H. Humphrey, 
chairman of the Senate Disarmament 
Subcommittee, stressed the significance 
of the correction in a statement on 11 
March and noted that his subcommittee 
and “other observers” had brought the 
error to the AEC’s attention. He referred 
to what Stassen had said about the dis- 
tance at which the test was detected and 
commented that the AEC’s statements 
gave “the impression that scientific facts 
are being used by someone to prove a 
political point, a dangerous concept to 
perpetuate in our effort to work out effec- 
tive arms control agreements.” 

In a special hearing on 15 March, AEC 
Commissioner Willard F. Libby ex- 
plained to the Joint Committee on 
Atomic Energy that “the error was en- 
tirely inadvertent.” He repeated this in 
a letter to Sen. Humphrey dated 12 
March and went on to point out that it 
was not yet clear “whether a non-alerted 
station hundreds or thousands of miles 
distant could detect an earth disturbance 
and identify it as having been caused by 
a nuclear detonation.” Libby explained 
in his letter that: “When we determined 
on 10 March that an error had been 
made, the AEC immediately issued a 
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correction.” However, Chairman Dur- 
ham of the Joint Committee recalled at 
the 15 March hearing that AEC officials 
had told the Joint Committee in closed 
hearings in January that the shot had 
been recorded in Alaska. The AEC’s ex- 
planation about how the error occurred 
in the 6 March release was summarized 
in the New York Times on 16 March. 

FAS statement. The Federation of 
American Scientists’ Executive Commit- 
tee, in a public statement on 20 March, 
criticized the AEC for failure to provide 
“complete and frank reporting of the sci- 
entific facts which must form the basis 
for any well informed view on disarma- 
ment policy. Decisions on matters of na- 
tional policy must ultimately rest in the 
hands of citizens, and it is the duty of 
responsible officials to ensure that all the 
relevant facts are’‘made available to the 
public.” 

The FAS release noted that “the re- 
cent episode does not stand alone.” It 
said the AEC has placed an “optimistic 
interpretation” on fallout data and that 
the information it has given to the pub- 
lic in this area has been “incomplete 
and, by emphasis or omission, mislead- 
ing.” In the case of fallout, as in “the 
tardy disclosure about the distance of the 
detection of last September’s test explo- 
sion, the AEC has been willing to make 
complete data available only under the 
pressure of outside scrutiny by non-gov- 
ernmental experts.” The committee 
pointed out that United States agree- 
ment to a nuclear test suspension “has 
undoubtedly been delayed by apprehen- 
sion in many quarters, growing out of 
uncertainty regarding the detectability 
of nuclear weapons tests—even though 
non-governmental experts have repeat- 
edly stated that a test ban could be ade- 
quately inspected with existing tech- 
niques. 

“The Administration has in the past 
relied heavily for its advice upon a lim- 
ited group of scientists in its own em- 
ploy. . . . It is imperative that in the 
future the Administration draw upon a 
more broadly representative group of sci- 
entists for its advice, and that scientists 
not intimately associated with large-scale 
government programs be included.” 


AEC lack of candor. A 13-page report, : 


charging that “the AEC’s evaluation of 
the fallout hazard has not been based on 
the standards of objectivity and candor 
that are customary in scientific matters,” 
was released on 19 March by the Na- 
tional Committee for a Sane Nuclear 
Policy. The report quotes extensively 
from AEC documents to support its con- 
tention, analyzing in each case the inter- 
pretation placed by the AEC on the sci- 
entific data known at the time. The 
analysis was compiled to demonstrate 
“that the AEC has . . . tended to foster 
the most optimistic interpretation (i.e., 





which most minimizes the expected haz- 
ard from fallout radiation) and that the 
AEC has altered this position only under 
the pressure of outside scrutiny and at- 
tack.” 

The National Committee for a Sane 
Nuclear Policy is co-chaired by Saturday 
Review editor Norman Cousins and by 
Clarence Pickett, long active with the 
American Friends Service Committee. 
Present FAS Vice-Chairman Wolfe and 
former Chairman Charles Price serve 
with Norman Thomas, Clark Eichel- 
berger, and others on the 16-man Execu- 
tive Committee. Copies of the report are 
available from Trevor Thomas, Execu- 
tive Secretary, NCSNP, 202 E. 44 St, 
New York 17, N.Y. 


Immigration of 
Professional Workers 


Almost 60,000 immigrants classified 
as professional, technical, and kindred 
workers entered the United States for 
permanent residence during fiscal years 
1953 through 1956 (July 1952 to June 
1956), constituting slightly more than 6 
percent of the 900,000 total immigration 
for those years. Some 12,600 of the pro- 
fessional workers were engineers or nat- 
ural scientists. The number of the immi- 
grants in the professional group increased 
annually from 13,000 in 1953 to 19,000 
in 1956, although the rate of increase 
was not as great as that for all immi- 
grants. Only a small proportion, about 7 
percent, of all professional workers en- 
tered the country with a first-preference 
quota visa, which is authorized to per- 
sons of specialized skills whose services 
are urgently needed in this country. This 
information is contained in a report re- 
leased last month by the National Sci- 
ence Foundation entitled Immigration 
of Professional Workers to the United 
States—1953-1956. 

Engineers constituted the largest occu- 
pational segment of the 60,000 in the 
group of professional immigrants; nurses 
were second; and teachers of all kinds 
below college level, third. Physicians and 
surgeons were fourth, and natural scien- 
tists, fifth, The separate occupations of 
technicians, such as designers, draftsmen, 
and radio operators, each represented a 
small proportion of the total, but when 
counted together outnumbered the teach- 
ers. 

More than 40 percent of the profes- 
sional group came directly from Europe 
in the 4-year period, with the United 
Kingdom and Germany providing the 
largest numbers. Canada, however, out- 
numbered any European country as a 
source of immigrants in this group, al- 
though a large proportion of the Cana- 
dian emigrants were not natives of that 
country. Of the engineers, half came 
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from Europe, and a fourth from Canada. 


Among natural scientists, the proportion 
coming from both Europe and Canada 
was lower than among engineers. New 
York, California, and Illinois were the 
most popular choices of this group as 
destinations. 


Antarctic Meteorological Report 


Herfried Hoinkes, an Austrian mete- 
orologist who has been conducting re- 
search in the Antarctic as part of the U.S. 
International Geophysical Year program, 
reports that although the South Pole re- 
ceives more sun than any place on earth 
during December, its midsummer, most 
of this energy is reflected by the ice 
cover. Approximately 89 percent of solar 
energy received in the Antarctic is lost 
through such reflection. Absorption of 
radiant heat is slow because of the fine 
grain of the top layer of snow. This layer 
is so hard that quite often footprints do 
not show on it. When prints are left, 
they remain sharp for weeks, indicating 
the small amount of evaporation. 

Hoinkes made 3664 temperature ob- 
servations over a 5-month period at the 
IGY Little America Station. These indi- 
cated that under the most common wind 
conditions, southeasterlies of 19 knots, 
temperature difference between the sur- 
face and 50 feet above was only 1 to 3 
degrees. The maximum temperature in- 
version occurred under clear skies and 
calm wind conditions because of the 
strong long-wave radiation from earth to 
sky. When a cloud cover moves in to 
block heat loss from the earth and at 
the same time emit the heat it has col- 
lected, a rapid warming of the surface 
takes place even in winter, 

Minimum possible Antarctic tem- 
peratures of —108°F have been calcu- 
lated from observed radiation loss by 
both Soviet and American meteorologists 
participating in the IGY program. Ac- 
tual minimum observation at the U.S. 
South Pole station in 1957 was — 102°F. 

Other findings by Hoinkes included 
an estimate that Antarctic snow dunes 
move at a rate of 64 feet an hour, and 
that moraines of rock and other fill de- 
posited by glaciers are 10,000 years old, 
compared with hundreds of years for 
some European and North American mo- 
raines, indicating that only very long 
climatic cycles affect movement of Ant- 
arctic glaciers. 

Hoinkes is chief glacial meteorologist 
for the Arctic Institute of North Amer- 
ica, which is performing research spon- 
sored by the IGY Committee of the Na- 
tional Academy of Sciences. The IGY 
Antarctic program in which Hoinkes par- 
ticipated receives logistic support from 
U.S. Navy Task Force 43, commanded 
by Admiral George Dufek. 
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Yale’s Heavy Ion Accelerator 


A new heavy ion linear accelerator 
has gone into operation at Yale Univer- 
sity. It is accelerating beams of ions of 
oxygen (oxygen 16) to energies of 160 
million electron volts. The first beam was 
detected on 15 March. Other ions, such 
as nitrogen, neon, and carbon, can be 
accelerated in the new facility to ener- 
gies of 10 million electron volts per 
nucleon. 

Only one other high-energy heavy ion 
accelerator exists in the United States. 
This is now in operation at the Univer- 
sity of California Radiation Laboratory. 
These two accelerators were designed 
jointly by Yale and University of Cali- 
fornia scientists under the auspices of the 
Atomic Energy Commission. However, 
research emphases at the two institu- 
tions are different. While the Berkeley 
scientists are giving priority to chemical 
transmutation experiments, Yale’s em- 
phasis is on the study of nuclear struc- 
ture. 

Director of the Yale project is Edward 
R. Beringer, professor of physics. He 
headed a Yale team that began working 
with University of California scientists 
in February 1954 to design the two iden- 
tical linear accelerators. 


Tariffs on Instruments 


The American Council on Education 
has endorsed HR 9349 and S 3155, which 
are intended to remove the tariff bar- 
riers on scientific equipment and ap- 
paratus for educational institutions. A 
Council statement reads: 

“As a means of assisting American 
institutions to improve their scientific 
programs, the Commission on Education 
and International Affairs (of the A.C.E.) 
on February 21 gave strong endorsement 
to the. following pending legislation 
which would permit tax-exempt institu- 
tions to import scientific and laboratory 
apparatus duty free: HR 9349—Con- 
gressman Antoni N. Saklak (now under 
consideration by the Committee on Ways 
and Means of the House of Representa- 
tives); and S 3155—Senator Ralph E. 
Flanders (now under consideration by 
the Committee on Finance of the Sen- 
ate). 

“The Commission expressed the con- 
viction that in these critical times when 
the United States is taking unprece- 
dented steps to further our scientific in- 
terests in order to protect our national 
security and maintain our world stand- 
ing, every effort should be made to sup- 
plement and diversify existing sources of 
supply of scientific teaching apparatus. 
The proposed legislation would elimi- 
nate the present tariff, on scientific in- 
struments and apparatus imported for 


educational purposes, of 40 per cent on 
the average and 50 per cent on optical 
goods. This tariff prevents many educa- 
tional institutions from importing spe- 
cific items which are not readily avail- 
able domestically.” 


Scientists in the News 


MARGARET MEAD, RAYMOND 
A. DART, and JAMES B. GRIFFIN 
have received the 1957 Viking Fund 
medals of the Wenner-Gren Foundation 
for Anthropological Research. Mead was 
selected as the medalist in general an- 
thropology by the American Anthropo- 
logical Association; Dart was elected by 
the American Association of Physical 
Anthropologists as medalist in physical 
anthropology; and Griffin was the can- 
didate of the Society for American 
Archaeology for the archeology medal. 

Mead, associate curator of ethnology 
at the American Museum of Natural 
History and a member of the AAAS 
board of directors, has done more than 
any other single individual to introduce 
anthropology to the American public. 
Among her most popular books are 
Coming of Age in Samoa, Growing Up 
in New Guinea, Male and Female, and 
New Lives for Old. Dart, dean of the 
faculty of medicine at the University 
of the Witwatersrand, Johannesburg, is 
recognized as the discoverer of the earli- 
est known human being. Griffin, director 
of the Museum of Anthropology and pro- 
fessor of anthropology at the University 
of Michigan, was cited for his great in- 
fluence in promoting the aims of scien- 
tific archeology, and for his knowledge 
of the form, range, and distribution of 
artifact styles in North America. 


T. E. F. CARR, member of the Medi- 
cal Research Council’s Radiobiological 
Research Unit at the Atomic Energy Re- 
search Establishment, Harwell, England, 
is visiting the United States till about 
the end of July. He has been given a 
leave of absence to take up a temporary 
appointment with the United Nations for 
approximately 6 months. He will be in 
New York first, then he will go to Ge- 
neva, Switzerland, to act as biological 
secretary for the International Confer- 
ence on the Peaceful Uses of Atomic 
Energy, 1-13 September. 


WILLIAM H. STEWART has been 
appointed assistant program operations 
officer of the Public Health Service. He 
will serve as assistant to ARNOLD 
KURLANDER, who was recently ap- 
pointed to the newly created post of As- 
sistant Surgeon General for program 
operations. Stewart has been an assistant 
to the Surgeon General for the past 10 
months. 
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SAMUEL J. AJL, assistant chief, de- 
partment of bacteriology, Walter Reed 
Army Institute of Research, has received 
a National Science Foundation senior 
postdoctoral fellowship for research at 
the Hebrew University in Jerusalem and 
at Oxford University, where he will work 
in the laboratories of Hans A. Krebs. 
During his stay in Europe, Ajl will at- 
tend the International Congress of Mi- 
crobiology at Stockholm and participate 
in a symposium on the “Metabolism of 
C, Compound in Microorganisms” con- 
vened by Krebs at the International 
Congress of Biochemistry in Vienna. 


WILLIAM F. MAYES has been ap- 
pointed chief of the Division of General 
Health Services, Bureau of State Serv- 
ices, of the Public Health Service. He 
will have special responsibility for pro- 
grams concerned with research in public 
health practice and with the training of 
public health personnel. Before joining 
the PHS in September 1957, Mayes was 
associate professor and acting head of the 
department of public health practice at 
the Harvard School of Public Health. 


Six physicians from the United States 
and abroad have been named as re- 
cipients of Purdue Frederick Medical 
Achievement Travel Awards for out- 
standing medical and scientific activities. 
The awards enable the winners to at- 
tend medical meetings of their choice 
here and in Europe, thereby “furthering 
the international exchange of medical 
ideas and information on a physician-to- 
physician basis.” 

The two award winners from the 
United States are both cardiologists at 
the University of Minnesota: C. W. LIL- 
LEHEI of the School of Medicine, and 
EDGAR V. ALLEN, professor of medi- 
cine at the Mayo Foundation Graduate 
School. The winners from abroad will 
visit medical research and _ teaching 
centers and hospitals here and attend 
symposiums during April and May. 
Scheduled to participate in the Fifth In- 
ternational Congress on Internal Medi- 
cine in Philadelphia, Pa., are: R. B. 
HUNTER, department of pharmacology 
and therapeutics, Queens College, Dun- 
dee, Scotland; and HAQVIN MALM- 
ROS, professor and director, depart- 
ment of medicine, University of Lund, 
Sweden. 

Recipients planning to attend the 
World Congress of Gastroenterology in 
Washington, D.C., are: E. C. FAUST, 
department of medicine, University of 
Valle, Cali, Colombia; and ANDRE 
CHARBONNIER, Paris, of the French 
National Society of Gastroenterology. 
Each of the award winners was cited by 
the Council for active and promising re- 
search work in disease treatment and 
prevention within his medical specialty. 
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MARCUS M. RHOADES, professor 
of botany, University of Illinois, Urbana, 
is delivering this year’s Jesup Lectures 
of the department of zoology, Columbia 
University. The last two of his six pres- 
entations on “The Cytogenetics of 
Maize” are scheduled for 22 and 24 
April. 


R. ELSDON-DEW, director of the 
Amoebiasis Research Unit in Durban, 
Union of South Africa, has been nomi- 
nated president-elect of the South 
African Association for the Advance- 
ment of Science for the year 1958-59. 
He will visit California, Boston, Mass., 
New Orleans, La., and Washington, 
D.C., in May 1958. 


DONALD O. HEBB, professor of 
psychology at McGill University, will 
deliver McGill’s annual Hughlings Jack- 
son Memorial Lecture on 14 May at the 
Montreal Neurological Institute. 


ROBERT A. MOORE will be inaugu- 
rated as the first president of the State 
University of New York Downstate Med- 
ical Center on 2 May. The ceremony 
will take place at 2:30 p.m. under a 
marquee behind the center’s Basic Sci- 
ences. Building at 450 Clarkson Ave., 
Brooklyn. 


ISADORE KATZ, assistant chief of 
radiology and chief of the x-ray depart- 
ment at the Brooklyn Veterans Admin- 
istration Hospital, Brooklyn, N.Y., has 
been named associate professor of radi- 
ology at the State University of New 
York Downstate Medical Center in 
Brooklyn. 


PAUL P. EWALD, professor of phys- 
ics and retired head of the physics de- 
partment at the Polytechnic Institute of 
Brooklyn, has: been elected a fellow of 
the Royal Society (London). 


Recent Deaths 


DOROTHY L. ASHTON, Philadel- 
phia, Pa., 70; retired professor of gyne- 
cology and obstetrics at the Woman’s 
Medical College of Pennsylvania; 19 
Mar. 

WALTER BARTKY, Chicago, IIL; 
56; vice president in charge of special 
scientific projects at the University of 
Chicago; professor of mathematics; 19 
Mar. 

ERNEST G. BEINHART, Wynd- 
moor, Pa.; 71; retired in 1957 as tobacco 
technologist for the U.S. Department of 
Agriculture and the International Co- 
operation Administration; 19 Mar. 

GEORGE A. BENNET, Philadelphia, 
Pa.; 53; dean of the Jefferson Medical 
College since 1950; professor of anatomy 





and director of the Daniel Baugh Insti- 
tute of Anatomy since 1948; 27 Feb. 

KENNETH S. M. DAVIDSON, 
Paris, France; 60; engineer and former 
director of the experimental towing tank 
at Stevens Institute of Technology; until 
recently, scientific adviser to Gen. Lauris 
Norstad, Suprerne Allied Commander in 
Europe; 19 Mar. 

FRANCISCO DURAN - REYNALS, 
New Haven, Conn.; 58; internationally 
known cancer researcher and faculty 
member of the Yale University School 
of Medicine; in 1930 discovered the en- 
zyme hyaluronidase; first to advance the 
theory that cancer may be caused by 
viruses; 27 Mar. 

LINCOLN ELLISON, Ogden, Utah; 
chief of the division of Range Manage- 
ment Research, Intermountain Forest 
and Range Experiment Station; chair- 
man of the Intermountain Section of the 
Society of American Foresters; chairman 
of the Western Section of the Ecological 
Society of America; president of the 
Utah Academy of Sciences, Arts, and 
Letters; 9 Mar. 

ERNEST H. KUSCH, Tampa, Fia.; 
63; psychiatrist at Manhattan State Hos- 
pital, New York, for 30 years; lectured at 
New York University and City College; 
conducted research in malaria treatment 
for general paresis and group psycho- 
therapy; 22 Mar. 

L. MARY MOUNCH, White Plains, 
N.Y.; 66; practicing physician and in- 
structor in medicine at the Cornell Med- 
ical School in New York; member of the 
staff at New York Hospital and at White 
Plains Hospital; former associate and an 
instructor in medicine at the Mayo 
Clinic; 27 Mar. 

ALBERT G. PARKER, Madison, 
Ind.; 65; president of Hanover College 
since 1929 and a Presbyterian minister; 
in 1919 went to China for 8 years to serve 
as head of the social science department 
at Shantung Christian University; 22 
Mar. 

VICTOR J. PEISSACHOWITZ, 
Long Island, N.Y.; 72; retired in 1955 as 
associate professor of chemistry at Long 
Island University; 24 Mar. 

JOHN V. QUARANTA, Blauvelt, 
N.Y.; 35; chairman of the psychology 
department at Marymount College, Tar- 
rytown; 23 Mar. 

DANIEL P. QUIRING, Cleveland, 
Ohio; 63; associate professor of biology 
at Western Reserve University; head of 
the anatomy department at the Frank E. 
Bunts Educational Institute; 26 Mar. 

CLEMENT STAFF, New York, N.Y.; 
47; member of the faculty of the Na- 
tional Psychological Association for Psy- 
choanalysis school and first vice president 
of the association when it was founded 
in 1948 by Theodor Reik; author of ar- 
ticles on the social and cultural aspects 
of psychoanalysis; 25 Mar. 
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Book Reviews 


Oxine and Its Derivatives. vol. I, Oxine, 
pt. 1; vol. II, Oxine, pt. 2; vol. III, 
Derivatives of Oxine, pt. 1; vol. IV, 
Derivatives of Oxine, pt. 2. R. G. W. 
Hollingshead. Butterworths, London, 
vols. I and II, 1954; vols, III and IV, 
1956. 1211 pp. + index. $8.50 per vol. 


The first systematic studies of 8-hy- 
droxyquinoline (oxine) and its deriva- 
tives were carried out by Berg and his 
collaborators in the years following 1926. 
As a result of their work it became ap- 
parent that these compounds were im- 
portant ones for the analysis of a number 
of inorganic ions. In 1933 Berg pub- 
lished a 30-page monograph devoted to 
the properties and applications of the 
oxines. No successor to Berg’s mono- 
graph has appeared in the ensuing years, 
and R. G. W. Hollingshead has under- 
taken the tremendous task of assembling 
all of the published information now 
available on this interesting group of 
compounds, This has proved to be an 
ambitious undertaking inasmuch as the 
number of papers and patents on the 
subject has grown to several thousand. 

The author has chosen to be noncriti- 
cal and detailed in his approach to the 
problem of presenting the very large mass 
of information now available about the 
oxines. As a result, the monograph is 
very long indeed—four volumes, totaling 
some twelve hundred pages. Further- 
more, it necessarily contains many quo- 
tations and data which are contradictory, 
and the burden of choice of what is sig- 
nificant and what is correct is left, to a 
considerable extent, in the hands of the 
reader. The author has done an excellent 
job of organization, and the chemist 
should have no difficulty in locating 
whatever information he needs, despite 
the length of the work. A good deal of 
this information is from journals not 
found in many libraries and in languages 
with which the chemist may not be fa- 
miliar. 

The first two volumes are devoted ex- 
clusively to 8-hydroxyquinoline and in- 
clude chapters on preparation; physical 
and chemical properties; application to 
the separation and determination of the 
various cations, silica, and phosphate; 
and, finally, nonanalytical applications 
of the reagent. In volumes III and IV 
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are found chapters on the preparation, 
properties, and applications of the rather 
large number of derivatives of 8-hydroxy- 
quinoline. Volume IV also contains a 
37-page chapter on the antibacterial and 
antifungal action of oxine and of its de- 
rivatives and chelates. Nearly half of 
volume IV is devoted to an addendum 
of recent papers on the oxines. Most of 
these papers have appeared since 1953, 
and the length of this chapter is indica- 
tive of the current interest in the subject. 

Oxine and Its Derivatives is certainly 
a valuable reference work and should be 
a part of the library available to every 
analytical chemist. 

D. A. Skooc 

Department of Chemistry and 
Chemical Engineering, 
Stanford University 


International Review of Cytology. vol. 
VI. G. H. Bourne and J. F. Danielli, 
Eds. Academic Press, New York, 1957. 
566 pp. Illus. $12. 


Cytology has long since passed the 
stage of being concerned with purely 
morphological descriptions of cells; mod- 
ern cytology attempts to integrate the 
information obtained in many areas of 
cellular biology. Viewed in this light, the 
12 articles contained in the sixth volume 
of International Review of Cytology fall 
within the realm of cytology because 
they deal with studies of single cells, but 
they should also be of interest to workers 
in other specialties, such as genetics, vi- 
rology, embryology, physiology, biochem- 
istry, and histochemistry. Thus, G. H. 
Beale’s description of the genic stability 
and corresponding cytoplasmic states in- 
volved in the antigen system of Para- 
mecium aurelia is of interest to the genet- 
icist, immunologist, and embryologist, 
and the review by R. C. Williams of 
“The role of the electron microscope in 
virus research” will concern the virolo- 
gist as well as the electron microscopist. 
Three other articles, one by A. Monroy 
on “An analysis of the process of fertili- 
zation and activation of the egg,” a sec- 
ond by E. Borghese on “Recent histo- 
chemical results of studies on embryos of 
some birds and mammals,” and a third, 


by R. J. O’Connor, entitled “Carbohy- 
drate metabolism and embryonic deter- 
mination,” are concerned primarily with 
developmental processes. 

The interesting article by A. W. and 
P. F. Pollister on “The structure of the 
Golgi apparatus” places the most recent 
information about this cytoplasmic or- 
ganelle in its proper perspective with 
relation to older cytological observations. 
This historical type of review is ex- 
tremely valuable at the present time, 
when modern techniques of electron mi- 
croscopy and biochemistry have provided 
a wealth of data which some authors 
have failed to analyze in terms of the 
contributions of classical cytology and 
light microscopy. 

Several reviews in this volume deal 
with a correlation of structure and func- 
tion. In J. Gross’s paper on recent stud- 
ies of the thyroid, the morphology of the 
cells and tissue are discussed in relation 
to glandular activity. In two reviews— 
one, by G. Siebert and R. M. S. Smellie, 
on enzymatic and metabolic studies of 
isolated nuclei and the other, by G. H. 
Hogeboom, E. L. Kuff, and W. C. 
Schneider, on recent work in which the 
combined techniques of homogenization, 
biochemical assay, and electron micros- 
copy are used—a correlation has been 
made between cellular constituents and 
enzymatic activity. The remaining three 
articles of the volume are of a more spe- 
cialized nature: “The chromosome cytol- 
ogy of the Ascites tumors of rats, with 
special reference to the concept of the 
stemline cell,” by S. Makino; “The histo- 
chemistry of polysaccharides,” by A. J. 
Hale; and “The kinetics of the penetra- 
tion of nonelectrolytes into the mam- 
malian erythrocyte,” by F. Bowyer. 

As a volume, the sixth International 
Review of Cytology lacks cohesiveness of 
subject matter, owing mainly to the fact 
that modern cytology covers a very wide 
variety of interests. All the individual 
articles adequately summarize the latest 
information in their particular fields, 
but those which include speculative and 
interpretative material are perhaps the 
most useful for the nonspecialist, who 
finds it difficult to integrate the volumi- 
nous factual data in an unfamiliar field. 

HELEN Gay 
Department of Genetics, 
Carnegie Institution of Washington 


An Introduction to Genetic Statistics. 
Oscar Kempthorne. Wiley, New York; 
Chapman & Hall, London, 1957. xvii 
+545 pp. $12.75. 


The student of biometrical genetics 
who would like to learn something of the 
theory on which standard breeding pro- 
cedures are based has a hard time. The 





underlying mathematics is not given in 
textbooks of animal and plant breeding, 
while the original literature, stemming 
largely from R. A. Fisher and Sewall 
Wright, is notoriously difficult for the 
uninitiated. This book is an attempt to 
make some of the theory available in 
textbook form. It fills a real need and 
should be a welcome addition to the 
array of genetics textbooks. 

The first part of the book—almost 
half—is devoted to basic statistical tools 
for quantitative genetics, including ele- 
mentary probability, statistical estima- 
tion, and hypothesis testing, and some of 
the elementary theory of population ge- 
netics. The rest consists of a systematic 
statistical treatment of quantitative in- 
heritance. The emphasis is on variance 
partition, regression and path analysis, 
inbreeding and correlation between rela- 
tives, and Kempthorne’s own work on 
partition of dominance and epistatic 
components. 

Although the introduction states that 
only high-school algebra is needed, the 
reader will find that many sections are 
much more understandable if he is fa- 
miliar with the calculus and standard 
statistical procedures. The methods are 
usually those of the original author, 
though with added explanation and (es- 
pecially with Fisher’s work) fuller alge- 
braic details. 

The book is not without weaknesses. 
In places the algebra is more cumber- 
some and lengthy than necessary, and in 
general the book is repetitious. The ex- 
planations are not always clear and are 
sometimes quite confusing (see, for ex- 
ample, page 303). Also there are occa- 
sional slips in algebra, the most trouble- 
some being on page 305, where the sub- 
scripts 1 and 2 are interchanged in most 
of the formulas. Some subjects are dealt 
with inadequately (for example, human 
genetics), and it would be preferable, I 
believe, either to omit them entirely or 
to do them more completely. 

Despite these shortcomings, the book 
has enough material hitherto unavailable 
in textbooks to make it uniquely useful 
for students of biometrical genetics. 

James F. Crow 
Departments of Genetics and Zoology, 
University of Wisconsin 


The Ashanti. A proud people. Robert A. 
Lystad. Rutgers University Press, New 
Brunswick, N.J., 1958. vii+212 pp. 
Illus. $5. 


This unpretentious little book will 
serve the lay reader as a pleasant intro- 
duction to the present-day culture of the 
dominant people of the new state of 
Ghana. It summarizes, in a simple and 
painless style, most of the major facts 
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about the social, economic, political, and 
religious life of the Ashanti nation, with 
special reference to the town of Goaso, 
where the author and his wife spent 
nearly a year in 1949-50. It is entirely 
authoritative, since the author is a 
trained anthropologist, an associate pro- 
fessor at Tulane University. Conse- 
quently, it should also prove useful to 
tourists and businessmen who visit 
Ghana. 

In no respect, however, does the vol- 
ume supplant, or even substantially sup- 
plement, the standard ethnographic de- 
scriptions of the Ashanti by Busia, Fortes, 
and Rattray. It is “written down” to 
about the high-school level of literacy 
and presents a highly oversimplified ac- 
count of the culture, with no scientific 
analysis and extremely little new infor- 
mation. It does not, for example, even 
mention such complex but scientifically 
important matters as the famous system 
of double descent, with both matrilineal 
and patrilineal clans. Students at the 
college level will find it much too ele- 
mentary for use as a text, perhaps even 
as collateral reading. The professional 
social scientist, the missionary, and the 
educated West African will continue to 
depend upon the earlier sources, and for 
a summary will use Manoukian’s Akan 
and Ga-Adangme Peoples of the Gold 
Coast (International African Institute, 
London, 1950). 

GeorcE P. Murpock 
Yale University 


Reason and Chance in Scientific Dis- 
covery. R. Taton. Translated by A. J. 
Pomerans. Philosophical Library, New 
York, 1957. 171 pp. Illus. $10. 


The history of science, in addition to 
contributing to what might be called the 
liberal scientific education, has an un- 
doubted potentiality in providing a rec- 
ord from which scientists can obtain 
methodological guidance through the ex- 
periences of their predecessors. The reali- 
zation of that potential depends upon an 
increased cultivation of the field, espe- 
cially in the more recent period. The 
product may be something like the pres- 
ent work, which cites and analyzes ex- 
amples of chance, error, “flashes of 
thought,” and other incidents rare and 
commonplace in the history of discovery 
and invention. 

This book should interest scientists 
for the picture that it gives of this prod- 
uct of the history of science. The case 
histories selected are as various as 16th 
century astronomy and 20th century 
medicine, and an interesting attempt is 
made to correlate them. Unfortunately 
there are too many cases for the size of 
the book, and the resultant oversimplifi- 





cation sometimes jars the sensibilities of 
the historian. Neither scientists nor his- 
torians will appreciate the evidences of 
careless writing, such as the confusion be- 
tween the terms discovery and invention 
(worsened by the translator) and the 
looseness of the use of the terms chance, 
error, and others. 

The original French edition was more 
modest in format, title, and price. 

Rosert MuLtTHAurF 

Smithsonian Institution 


Clinical Pathology Data. Compiled by 
C. J. Dickinson. Thomas, Springfield, 
Ill., 1957. xviii+91 pp. $4. 


Clinical pathology could be defined as 
the application of methods and instru- 
ments of precision in the diagnosis and 
follow-up of disease. Physiology, chem- 
istry, physics, microbiology, and im- 
munology are being applied to clinical 
pathology, in an ever-growing manner. 
A vast amount of data has accumulated. 
Only the specialist in this field, the clini- 
cal pathologist, is in a position to sepa- 
rate the wheat from the chaff—and to 
select what is applicable and useful in 
a particular situation. 

The purpose of this book is to classify 
some of the tests more commonly used 
in clinical laboratories by giving normal 
values and the diseases in which the 
values are raised or lowered. If properly 
used, the information may save much 
effort and time that would otherwise 
have to be spent on trying to find all 
these things in the library. 

The subject matter is treated in 15 
sections dealing, respectively, with blood 
and plasma, cerebrospinal and effusion 
fluids, feces, gastric contents, porphyrin 
metabolism, semen, urine, adrenal, pi- 
tuitary, renal function, hepatic function 
tests, glucose tolerance test, tests for 
syphilis, special tests, and some simple 
procedures (given in brief, practical 
notes). 

The section on blood and plasma has 
been divided into four subsections, on 
physical properties, tests of clotting and 
bleeding disorders, cellular constituents, 
and chemistry. 

Abundant cross references enhance the 
value of the book. 

The accuracy of presentation of the 
large mass of material is generally satis- 
factory. Occasional statements could be 
questioned. The Paul-Bunnell test in a 
dilution of 1:128 is claimed to be “prac- 
tically diagnostic of glandular fever” 
(page 70). This claim is hardly accept- 
able. Fetal erythroblastosis is treated as 
synonymous with Rhesus incompatibil- 
ity of the newborn (pages 12, 19), 
whereas the part played by the ABO 
system is referred to as “congenital ABO 
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incompatibility of the newborn” (page 
68). The other responsible blood factors 
are not mentioned. 

Since “biochemical results often dif- 
fer according to technique used” (page 
xv), it would have been of some value 
had mention been made of the methods 
by which the normal values cited were 
obtained. This is done only in a few in- 
stances. 

It is not always clearly stated whether 
the value given is for whole blood or 
serum (plasma). Although the modern 
trend is to report biochemical values on 
serum, this is not the case in this book 
(cholesterol, creatinine, glucose nonpro- 
tein nitrogen, urea, uric acid). 

The conditions which raise or lower 
pH of urine are stated in reverse (page 
47). The higher the pH, the lower the 
acidity. 

The breakdown of the specific por- 
phyrins is too detailed, since very few 
laboratories are prepared to analyze for 
the individual porphyrins. 

The statement (page 49) that there 
are only 2 to 3 milligrams of creatine 
per 24-hour specimen of adult urine is 
incorrect, 

The statement of normal value (100 
percent) for urea clearance (page 59) 
is misleading; however the discussion 
tends to correct this. There is no men- 
tion made of standard clearance. 

No reference to acetone (ketone 
bodies) in urine was found, except under 
“Practical analysis.” 

Although some of the newer tests are 
included, such as those for transaminase 
and 5-hydroxyindoleacetic acid in urine, 
“tubeless” gastric analysis and sweat test 
for fibrocystic disease of the pancreas 
are not mentioned. 

American readers may be confused by 
the use of the term glandular fever, 
which has been entirely replaced by in- 
fectious mononucleosis in this country. 

The book can be recommended to 
medical students and clinical patholo- 
gists and to physicians in general as a 
time- and effort-saving investment. 

I. DavsouHn 
Chicago Medical School and 
Mount Sinai Hospital, Chicago 


Basic Animal Husbandry. John M. Kays. 
Prentice-Hall, Englewood Cliffs, N.J., 
1958. 430 pp. Illus, $7. 


A number of new books on animal 
husbandry have appeared in compara- 
tively recent years, but this is such a 
changing field and the interests are so 
varied that the needs have not been ex- 
hausted. John M. Kays, the son of an 
outstanding and colorful author on ani- 
mal husbandry as well as a noted judge 
of livestock, is well steeped in livestock 
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lore and its importance in American 
agriculture. 

The interrelationship of judging, 
breeding, feeding, and management is 
handled in a concise, logical, and ad- 
mirable manner. To deal with all classes 
of livestock in discussing these relation- 
ships, as well as with marketing, dis- 
ease, and parasite prevention and con- 
trol, is a big assignment. If handled in 
detail, such a discussion would require a 
book too voluminous for an ordinary text 
for a college undergraduate course. How- 
ever, though the treatment is of neces- 
sity brief in some cases, most subjects 
are handled rather adequately. 

The sections dealing with by-products 
and the marketing of by-products is 
handled in accordance with the chang- 
ing times and with the changes in rela- 
tive values. The chapter on “Common 
horse unsoundnesses and _ ailments,” 
though of rather limited use for the 
farmer of today, should be quite valu- 
able to the light-horseman and the pony 
fancier. 

It appears, in general, that the book 
has been well prepared, and the pictures 
are excellent. The author’s emphasis on 
the practical aspects of production and 
marketing, rather than on the refine- 
ments of conformation and breed char- 
acter (subjects more appropriate to a 
book on the show ring), is well placed. 
This book is a welcome addition to the 
library of the animal husbandman and 
should be of value to the college and 
high-school student as well as the lay- 
man. 

Joun E. Foster 
Animal Husbandry Department, 
University of Maryland 


New Books 


Engineering College Research Review. 
1957. Engineering College Research 
Council. American Society for Engineer- 
ing Education, New York, 1958. 438 pp. 
$2. 

Our Nuclear Future. Facts, dangers, 
and opportunities. Edward Teller and 
Albert L. Latter. Criterion Books, New 
York, 1958. 184 pp. $3.50. 

Basic Physics. A. R. Meetham. Perga- 
mon Press, New York, and London, 1957. 
155 pp. $3.75. 

Algebra. A textbook of determinants, 
matrices, and algebraic forms. W. L. 
Ferrar. Oxford University Press, ed. 2, 
1957. 228 pp. $2.80. 

The Biotic World and Man. Lorus J. 
Milne and Margery j. Milne. Prentice- 
Hall, Englewood Cliffs, N.J., ed. 2, 1958. 
543 pp. $7.50. 

The New India. Progress through de- 
mocracy. Planning Commission, Govern- 
ment of India. Macmillan, New York, 
1958. 422 pp. Cloth, $5; paper, $2.50. 

Feedback Control Systems. Otto J. M. 
Smith. McGraw-Hill, New York, 1958. 
712 pp. $13.50. 





Communication, Organization, and Sci- 
ence. Jerome Rothstein. Foreword by C. 
A. Muses. Falcon’s Wing Press, Indian 
Hills, Colo., 1958. 206 pp. $3.50. 

The Undiscovered Self. C. G. Jung. 
Translated from the German by R. F. C. 
Hull. Little, Brown, Boston, 1957, 1958. 
113 pp. $3. 

The Metallurgy of Vanadium. William 
Rostoker. Wiley, New York; Chapman & 
Hall, London, 1958. 194 pp. $8.50. 

The Scientific Papers of Sir Geoffrey 
Ingram Taylor. vol. I, Mechanics of 
Solids. G. K. Batchelor, Ed. Cambridge 
University Press, New York, 1958. 603 
pp. $14.50. 

Growth of Crystals (Rost Kristallov). 
Reports of the First Conference on Crys- 
tal Growth, 5-10 Mar. 1956. English 
translation (original Russian text pub- 
lished by Academy of Sciences USSR, 
Moscow, 1957). Consultants Bureau, New 
York, 1958. 294 pp. $15. 

Introductory Physics. An _ historical 
approach. Herbert Priestley. Allyn and 
Bacon, Boston, 1958. 533 pp. $7.50. 

Health Facts for College Students. A 
textbook of individual and community 
health. Maude Lee Etheredge. Saunders, 
Philadelphia, ed. 7, 1958. 429 pp. 

Advances in Virus Research. vol. V. 
Kenneth M. Smith and Max A. Lauffer, 
Eds. Academic Press, New York, 1958. 
385 pp. $9.50. 

Problems in Euclidean Space: Applica- 
tion of Convexity. Adams Prize Essay of 
the University of Cambridge, 1955-56. H. 
G. Eggleston. Pergamon Press, New York 
and London, 1957. 173 pp. $6.50. 

Shackleton and the Antarctic. Margery 
Fischer and James Fischer. Houghton 
Mifflin, Boston, 1958. 575 pp. $7.50. 

The Fastest Man Alive. Frank K. Ev- 
erest, Jr., as told to John Guenther. Dut- 
ton, New York, 1958. 253 pp. $4. 

Antibiotics Annual, 1957-1958. Henry 
Welch and Felix Marti-Ibanez, Eds. Med- 
ical Encyclopedia, New York, 1958. 1087 


pp. 

Man in the Primitive World, An intro- 
duction to anthropology. E. Adamson 
Hoebel. McGraw-Hill, New York, ed. 2, 
1958. 694 pp. $9. 

Witchcraft. Geoffrey Parrinder. Pen- 
guin Books, Baltimore, 1958. 208 pp. 
Paper, $0.85. 

New Biology. No. 25. M. L. Johnson, 
Michael Abercrombie, G. E. Fogg, Eds. 
Penguin Books, Baltimore, 1958. 126 pp. 
Paper, $0.65. 

Le Calcium et la Vie. Joseph Stolkow- 
ski. Presses Universitaires de France, Paris, 
1958. 126 pp. Paper. 

Fantasia Mathematica. Being a set of 
stories, together with a group of oddments 
and diversions, all drawn from the uni- 
verse of mathematics. Clifton Fadiman, 
Ed. Simon and Schuster, New York, 1958. 
317 pp. $4.95. 

Purity Control by Thermal Analysis. 
Proceedings of the International Sym- 
posium on Purity Control by Thermal 
Analysis, Amsterdam, 1957. W. M. Smit. 
Elsevier, Amsterdam, 1957 (order from 
Van Nostrand, Princton, N.J.). 194 pp. 

Lesser Worlds. Nesta Pain. Coward- 
McCann, New York, American ed. 1, 
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Influence of Sulfhydryl 
Compounds on Precipitation of 
Plasma Protein with Ethanol 


The use of ethanol to precipitate 
plasma proteins as the first step in the 
extraction of free amino acids has dis- 
closed an interesting relationship be- 
tween the nature of the protein precipi- 
tate and the quantity of cysteine in 
plasma. 

When three volumes of 95 percent 
ethanol are added to plasma from nor- 
mal individuals, the plasma protein pre- 
cipitates in a coarse granular form so 
that the aqueous ethanol supernatant can 
be rapidly removed by filtration through 
a sintered glass filter. Plasma from some 
patients with leukemia, however, has 
been found to precipitate in such a finely 
divided state that filtration is difficult. 
It was thought initially that the striking 
alteration in the nature of these protein 
precipitates might be related to changes 
in the proteins in the patients. This is 
probably not the case, however, as the 
following discussion indicates. 

It was observed that cysteine was not 
detectable by paper chromatography in 
the blood plasma showing this phe- 
nomenon. Addition of 2 to 3 ug of cys- 
teine per milliliter of plasma before or 
after precipitation changed the precipi- 
tate to a coarse granular form within a 
few minutes. Addition of larger amounts 
of cysteine decreased the time required 
for conversion of a fine to a coarse pre- 
cipitate. Low plasma cysteine and altered 
plasma protein precipitation was ob- 
served with blood samples from several 
patients with chronic lymphocytic leu- 
kemia. Patients with acute leukemia and 
chronic granulocytic leukemia did not 
show such marked changes from normal. 
After treatment, marked alterations were 
observed in many more blood samples 
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Reports 


from patients with all types of leukemia. 

The effect of sulfhydryl compounds 
was readily demonstrable on human 
plasma albumin obtained from Cutter 
Laboratories, Berkeley, Calif. The crys- 
talline material was prepared by a cold 
ethanol fractionation procedure and was 
free of preservatives. Albumin dissolved 
in 0.1M phosphate buffer (pH 7.4) 
yielded a fine precipitate with ethanol. 
The precipitate was changed to a granu- 
lar one by the addition of cysteine. The 
time required for this change to take 
place was dependent upon the concen- 
trations of albumin and cysteine. 

After serum albumin was treated at 
5°C with performic acid (J) to oxidize 
sulfur to the sulfonic acid level, the 
change to a more granular precipitate 
upon the addition of cysteine to the 
aqueous ethanol suspension was not ob- 
served. 

Another method for removal of sulf- 
hydryl and sulfide groups was tested. 
Albumin in 0.1M phosphate buffer (pH 
7.4) was treated at room temperature 
with excess cysteine (1 mole of albumin to 
200 moles of cysteine), and the mixture 
was allowed to stand for 1% hours. A 
twofold excess of N-ethylmaleimide was 
then added, and the mixture was allowed 
to stand at room temperature for 1% 
hours. The addition of cysteine and 
N-ethylmaleimide was repeated in the 
same manner. After dialysis against fre- 
quent changes of phosphate buffer (pH 
7.4) to remove excess reagents, three vol- 
umes of ethanol were added. A fine pre- 
cipitate was obtained that did not show 
the rapid change expected upon the ad- 
dition of cysteine. 

The findings with ethanol denaturation 
of plasma proteins are similar to those 
obtained by others (2, 3) with heat and 
urea denaturation of plasma proteins. 
The mechanism proposed by Huggins 
et al, (3) to explain the catalytic effect 
of sulfhydryl compounds upon gel for- 
mation with heat and urea can be used 
to explain the ethanol precipitation phe- 
nomenon, It would appear that sulfhy- 
dryl compounds catalyze the polymeriza- 
tion of denatured plasma protein by in- 
creasing the extent to which intermo- 
lecular sulfide bonds are formed, and 
that the granular precipitates indicate 
extensive polymerization. 





It now appears that the phenomenon 
of aggregation by the formation of inter- 
molecular disulfide bonds may be asso- 
ciated with the action of many protein 
precipitants. Two distinctly different 
mechanisms can lead to this type of poly- 
merization. The sulfhydryl-catalyzed re- 
action in which intramolecular bonds are 
broken with the formation of intermolec- 
ular bonds can take place anaerobically. 
Formation of intermolecular disulfide 
bonds by oxidation of sulfhydryl groups 
has also been described. The extent of 
polymerization by either mechanism ap- 
pears to be determined in part by the 
number of sulfhydryl and disulfide bonds 
in the protein and the extent to which 
the protein precipitant changes the avail- 
ability of these groups for interaction. 
Although denaturation may increase the 
extent of polymerization, it does not ap- 
pear to be essential for aggregation. 
Straessle (4) has reported that a disul- 
fide dimer of mercaptalbumin is formed 
without denaturation upon standing in 
cold aqueous ethanol (72 to 94 percent 
ethanol by volume). It was suggested 
that this dimerization may occur by the 
sulfhydryl-catalyzed type of reaction. 
Briggs and Wolf (5) observed polymeri- 
zation, apparently without denaturation, 
by oxidation of soybean protein precipi- 
tates, 

The polymerization process appears to 
be faster and more extensive with a pro- 
tein precipitate. Straessle (4) has ob- 
served more rapid and complete oxida- 
tion of the solid mercury dimer of mer- 
captalbumin with iodine in aqueous 
ethanol. Briggs and Wolf (5) have ob- 
served extensive oxidation of soybean 
protein by air when precipitation was 
induced by cooling of the aqueous solu- 
tion. Sayre and Hill (6) have reported 
polymerization of serum lactic acid dehy- 
drogenase after precipitation with am- 
monium sulfate. An intermolecular di- 
sulfide bond stabilization of fibrin clots 
has been postulated to involve the sulf- 
hydryl catalyzed type of reaction that 
follows an initial nonsulfide aggregation 
of fibrin monomer (7). A disulfide poly- 
merization process was found by Deutsch 
and Morton (8) to take place with the 
globulins from macroglobulinemic serum 
isolated by precipitation techniques. The 
importance of the solid phase may lie 
in the fact that a more favorable orien- 
tation of sulfhydryl and disulfide groups 
is possible. The influence of a solid sur- 
face and sulfhydryl orientation on oxida- 
tion is illustrated by the work of Cal- 
laghan (9). Myokinase was found to 
have two sulfhydryl groups per molecule 
that underwent oxidation in glass or cel- 
lophane tubes that was not observed in 
plastic tubes or collodion tubes pre- 
treated with hemoglobin. 

Disulfide aggregation as discussed 
above should be clearly differentiated 
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from other forms of aggregation that also 
involve sulfhydryl groups. Hughes (10) 
has described the formation of a mer- 
cury dimer of serum albumin, and 
Madsen, Cori, and Gurd (1/1) have 
shown an apparently new type of sulf- 
hydryl aggregation of phosphorylase 
that is prevented by p-chloromercuriben- 
zoate. 

Huggins et al. (12) isolated serum 
albumin from normal individuals and 
from patients with malignant disease and 
found the sulfhydryl content to be the 
same in each group despite the fact that 
gel formation of plasma proteins in the 
latter group was abnormal. It does not 
appear probable that the plasma proteins 
from the leukemic patients have an ab- 
normal sulfhydryl content since the 
ethanol precipitation phenomenon ap- 
pears to depend upon the plasma non- 
protein sulfhydryl level. 

Grorce RovuseErR 
Department of Biochemistry, Medical 
Research Institute, City of Hope 
Medical Center, Duarte, California 
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“Slow” Potential Change in the 
Atrioventricular Node 


Previous considerations of atrioven- 
tricular (A-V) conduction have been 
based on indirect physiological (1), clin- 
ical (2), and pharmacological (3) stud- 
ies, but there has been no direct knowl- 
edge of intranodal events. An earlier 
report from this laboratory indicated the 
feasibility of recording from the buried 
portions of the A-V conduction tissue in 
situ (4). This technique has furnished 
some direct evidence about events in the 
A-V node (5). 

As a small electrode is moved from the 
ventricle toward the atrium in the right 
and left bundles and then into the com- 
mon bundle, the potential difference be- 
tween this electrode and a distant point 
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is symmetrical and biphasic, as would be 
expected in a “cable” of Purkinje fibers 
(4); this activity approaches closer in 
time to atrial depolarization as the elec- 
trode moves nearer to the atrium. The 
wave consists of a positive deflection 
(approaching activity), a rapid nega- 
tive-going deflection (depolarization of 
cells near the electrode), and a terminal 
negative portion (receding activity) and 
appears earliest 30 to 40 msec after the 
firing of the atrial cells in the A-V nodal 
region. This discharge precedes the end 
of the P wave by about 15 msec in the 
dog. Similar deflections, indicating 
rapid depolarization of cardiac cells, 
were never recorded within this 30- to 
40-msec interval. There thus existed a 
“silent” period during which no cellular 
firing was noted. One report of rapid 
potentials from the A-V node (6) does 
not place them in this silent period. 

In some experiments, a slow potential 
change was recorded from electrodes in 
the A-V node during this “silent” period. 
When studied with direct-coupled am- 
plifiers capable of working close to the 
theoretical noise limit, this change was 
found in the A-V node in 16 dogs. 

Although many experiments were con- 
ducted on the heart in situ, examination 
of this potential required perfusion of 
the isolated heart, cutting of both con- 
ducting bundles, variable frequency stim- 
ulation of the sinoatrial node to produce 
first-degree A-V block, and exact his- 
tological localization of each electrode 
(Fig. 1, I). The apparatus has been de- 
scribed (7). 

Potentials on an electrode in the mid 
A-V node are shown in Fig. 1, II. Fol- 
lowing a stimulus to the sinoatrial nodal 
region (S$), there is a large negative 
potential, the rapid deflection produced 
by depolarization of atrial cells in the 
A-V nodal region. Notches on the up- 
stroke of this potential possibly result 
from firing of scattered cells in the atrio- 
nodal junction. The slow potential fol- 
lows. It is initially positive, rising above 
the base line for about 20 msec, and then 
returns toward the base line. Fig. 1, II, 
shows changes that occur on increasing 
the rate of stimulation. The slow poten- 
tial becomes prolonged, with a longer 
positive plateau and a long terminal 
negative phase. 

One millimeter downstream (Fig. 1, 
III c), the slow potential has no nega- 
tive phase; however, the negative-going 
phase coincides approximately with fir- 
ing of the common bundle, 1 mm away 

(Fig. 1, III 6). The slow potential varies 
in shape and magnitude, depending on 
electrode position. 

In all studies, the slow potential has 
prolonged as the atrial stimulation rate 
has been raised from 2 to 3 per second 
to 10 per second. Concurrently, the in- 
terval between the atrial potential and 





the common bundle potential increases 
(Fig. 1, III, IV). At rates near 8 per 
second, the slow potential exhibits maxi- 
mum prolongation, and complete (2 to 
1) block occurs. During A-V rhythm 
(Fig. 1, IV), the slow potential precedes 
all other potentials and usually has a 
configuration differing from that during 
sinus rhythm. 

The most likely picture of A-V nodal 
conduction which emerges from our 
study is the following: Atrial cells in 
A-V nodal region trigger atrionodal cells. 
These differ in anatomy from the atrial 
and the nodal cells (8). These cells ac- 
tivate the nodal cells, and the slow poten- 











Fig. 1. (1) Histological section through 
the A-V node, showing locations of re- 
cording electrodes in a, upper A-V node; 
b, near origin of common bundle; and c¢, 
intranodal point midway between these. 
(II) Potentials recorded at point a; in- 
tervals between stimuli: 500, 400, 320, 
250, 200, and 160 msec; S, stimulus arti- 
fact; P, auricular depolarization. At 160 
msec, the common bundle did not follow 
the A-V node and the shape of the atrial 
potential was altered. The 500-msec rec- 
ord shows ventricular depolarization at 
the right. Right and left bundles had been 
cut, and the ventricles beat independently 
of the atria. (III) Potentials recorded at 
points b and ¢ with interstimulus period 
of 400 msec. (IV) Potentials at 6 and c 
with interstimulus period of 200 msec. 
(V) Potentials recorded at 6 and ¢ during 
A-V rhythm. (Parts of the auricular com- 
plex have been retouched to make the 
figure clearer. ) 
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tial change propagates through the A-V 
node. The slow potential, in turn, de- 
polarizes the bundle. 

It is apparent from the differences in 
potential shapes at various nodal sites, 
and from changes during first degree 
block, that the slow potential is propa- 
gated. Velocity, calculated from meas- 
urements of the time of activation of 
atrial cells in the nodal region, nodal 
length, and time of bundle activation, 
range from 0.12 to 0.04 m/sec. It is pos- 
sible that the lack of rapid deflections 
from the A-V node results from a dif- 
ference in the nature of the cellular ac- 
tivity—that is, A-V nodal depolarization 
involves a slower voltage change than 
depolarization of other cardiac cells. 
Study of the buried nodal cells with in- 
tracellular electrodes should answer this 
question, but preliminary experiments 
have thus far been unsuccessful. Com- 
parison of the slow potential to the end- 
plate potential seems inappropriate, since 
(i) retrograde ventriculoatrial excita- 
tion is possible; (ii) chemical transmis- 
sion is probably not involved, as it is in 
end-plate transmission (9); and (iii) the 
slow potential is propagated. 

A. M. Scuer, J. Luxane, 
Maria I. Ropricuez, A. C. Younc 
Department of Physiology and 
Biophysics, University of Washington 
School of Medicine, Seattle 
and School of Medicine, University of 
El Salvador, San Salvador 
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Nutritive Value of Bread Protein 
Fortified with Amino Acids 


Considerable interest has been aroused 
in the fortification of foods with amino 
acids and particularly, in view of its 
quantitative importance, in the fortifica- 
tion of bread with lysine. Several au- 
thorities have claimed that large in- 
creases in the nutritional value of bread 
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Table 1. Net protein utilization (NPU) 
of bread fortified with amino acids. 





No. of 





Item assays NPU #S.E.* 

Bread 4 46 +0.9 
Bread + L-lysine (0.2%) 3 57 +0.9 
Bread + t-lysine (0.2%) 

and pt-threonine (0.88%) 4 70 phi 2 4 
Bread + L-lysine (0.28%), 

pL-threonine (1.4%), and 

pL-methionine (1.1%) 7 79 +14 





* S.E., standard error. 


protein result from such fortification, but 
unfortunately these claims are gross ex- 
aggerations. 

The error seems to have arisen from a 
confusion of the two terms protein effi- 
ciency ratio (gain in weight per gram of 
protein eaten) and biological value (the 
percentage of absorbed protein retained 
by the experimental animal). 

Rosenberg and Rohdenburg (J) 
showed that the protein efficiency ratio 
(PER) of bread protein can be increased 
from 1.01 to between 1.89 and 2.12 by 
fortification with lysine. Several authors 
[Jolliffe (2, 3); Flodin (4); Horder, 
Dodds, and Moran (5); and Frazer (6)] 
have misinterpreted this finding as an 
approximate doubling in the biological 
value of the protein and even that lysine- 
fortified bread approaches a biological 
value of 100. The calculation of Flodin 
(7) that the addition of lysine would 
add to the individual’s diet the equiva- 
lent of 27 lb of meat, or 70 qt of milk 
or 330 eggs is based on the same error. 

Protein efficiency ratio is a somewhat 
imprecise method of measuring nutritive 
value as it varies with food intake (8, 9). 
Moreover, a protein efficiency ratio of 
zero is recorded with protein of which 
30 to 40 percent is retained by the ani- 
mal (9, 10). Biological value or net pro- 
tein utilization (biological value x diges- 
tibility) is independent of food intake 
and ranges from 0 to 100. Therefore the 
nutritive value of bread protein that had 
been fortified with various amino acids 
was investigated by measuring the net 
protein utilization (NPU) by the carcass 
water analysis method of Bender and 
Miller (11). 

Sliced loaves were purchased from a 
grocery shop at a time (1955) when the 
National Loaf was nominally 80 percent 
extraction although, in fact, it was con- 
siderably lower than this (/2). The slices 
were dried in air at 50°C, crumbed, and 
powdered in a hammer mill. The diet 
contained 70 percent bread, 15 percent 
margarine fat, 5 percent potato starch, 
5 percent glucose, and an adequate sup- 
ply of minerals and vitamins (/1). The 
amino acid-fortified diets contained the 
following additives, (i) .-lysine mono- 
hydrochloride (0.2 percent lysine); (ii) 
L-lysine + pi-threonine (0.88 percent); 
and (iii) u-lysine (0.28 percent) + pDL- 


threonine (1.4 percent) + pi-methionine 
(1.1 percent). Diets were fed at 1.5 per- 
cent nitrogen level for the 10-day experi- 
mental period. The results are presented 
in Table 1. 

These results show that, in bread, 
threonine’ is the second limiting amino 
acid and that methionine (or methionine 
and cystine) is the third. Sure reported 
(13) that threonine was the second lim- 
iting amino acid and valine the third in 
milled wheat flour, and that in whole 
wheat (14) valine was the second and 
threonine the third. Whether bread, 
whole wheat, and milled wheat flour do 
differ in their second and third limiting 
amino acid is not clearly established. 

Rosenberg, Rohdenburg, and Baldini 
(15) concluded that bread containing 
skim milk solids lacked only lysine. This 
conclusion was based on two observa- 
tions: (i) the bread + lysine diet per- 
mitted growth equal to that on stock 
diet, (ii) further supplementation with 
valine, threonine, and methionine pro- 
duced no improvement in protein effi- 
ciency ratio. The contrary findings in 
the present paper are not due to the 
different types of bread used in Great 
Britain and the United States but to 
some inadequacy in the diets used by 
Rosenberg et al. who obtained maximum 
protein efficiency ratios of only 1.8 to 2.4 
(corresponding to biological values of 60 
to 70) whereas the best protein reaches 
a protein efficiency of about 4.4 (9). 

The results shown in Table 1 place in 
true perspective the increase in nutri- 
tional value conferred by the addition of 
lysine. They agree remarkably well with 
the values obtained by the method of 
protein efficiency ratio by Rosenberg 
and Rohdenburg (7) and Hutchinson, 
Moran, and Pace (16, 17). The protein 
efficiency ratios found by these authors 
have been converted into the approxi- 
mate equivalent of net protein utiliza- 
tion in Table 2 by use of the conversion 
factor of Block and Mitchell (10) and 
Bender (9). 

Thus it is clear that all the experi- 
menters are agreed that only about half 


Table 2. Comparison of protein evalua- 
tions [protein efficiency ratio (PER) and 
net protein utilization (NPU)] of bread 
fortified with lysine. 





White Bread + 
bread lysine 
Author 





Calc. Calc. 
PER Nnpyu PER NpU 





Rosenberg & 
Rohdenburg (/) 1.0 52 1.89 64 
Hutchinson, Moran, 


& Pace (16) 14 58 2.14 67 
Hutchinson, Moran, 
& Pace (16) 0.9 51 1.42 58 
Hutchinson, Moran, 
& Pace (17) 1.25 46 2.20 68 
Bender (this report) 46 57 
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of the protein of bread is available for 
the growing rat and that fortification 
with lysine increases this to about 60 per- 
cent. Flodin’s statement (4), “there is a 
latent store of protein in bread and flour 
that needs only one key to release it for 
ithe body’s use. That key is lysine forti- 
fication” should be amended to at least 
three keys, lysine, threonine, and methio- 
nine. 

A. E. BENDER 
Research Department, Bovril Ltd., 
London, England 
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Zinc Requirement of the Chick 


Over 20 years ago it was found that 
the growth of young rats was greatly im- 
paired if their diet was extremely low in 
zinc. Keratinization of the skin, para- 
keratosis of the esophagus, loss of hair, 
and decreased activity of intestinal phos- 
phatase, blood phosphatase, and carbonic 
anhydrase were later associated with zinc 
deficiency in the rat (1). Zinc has also 
been shown to be required by the mouse 
(2) and pig (3). 

Recently, O’Dell and Savage (4) re- 
ported that the growth of chicks was 
stimulated if zinc was added to a semi- 
purified diet containing 25 percent of 
Drackett assay protein C-1. No response 
to zinc was obtained if casein or alpha 
protein replaced the Drackett protein or 
if the level of potassium in the ration 
was low (5). All rations contained about 
50 ppm of zinc. The chicks were brooded 
in batteries which ordinarily are zinc 
coated, and tap water was supplied, pre- 
sumably in the galvanized water troughs 
of the batteries. 

We have also studied this problem 
with chicks (6) but have attempted to 
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reduce substantially the amount of zinc 
ingested. This was done in several ways: 
(i) selecting ingredients low in zinc; (ii) 
extracting the zinc from the protein sup- 
plement (the source of much of the zinc 
of the basal ration chosen); (iii) coating 
the batteries or building nonmetallic pens 
to prevent contamination with this ele- 
ment; (iv) conducting experiments in 
isolated quarters to reduce dust as a pos- 
sible source of zinc; (v) using distilled 
water instead of tap water; and (vi) pro- 
viding the drinking water in glass rather 
than galvanized troughs. All these 
changes were intended to reduce the 
amount of zinc ingested by the birds. 

In an exploratory experiment, two 
groups of 5-day-old, White Leghorn 
cockerels were allocated to pens having 
plastic mesh sides and rubber mesh 
floors. The basal diet, similar to that 
used by Morrison e¢ al. (7) without the 
zinc supplement, was fed to one group. 
This basal diet contained about 16 ppm 
of zinc. The second group was supplied 
the basal ration supplemented with 100 
ppm of zinc as the sulfate, added by way 
of the salt premix. The chicks were al- 
lowed to eat ad libitum in glass feeders, 
and distilled water was supplied in Pyrex 
glass waterers. 

The group which received the low- 
zinc, basal diet grew poorly, developed 
dermatitis of the feet, failed to feather 
properly, and developed a goose-step- 
ping walk. Symptoms began to appear 
about the 14th day and were severe by 
the 2ist day. The group fed the zinc- 
supplemented ration grew satisfactorily 
during the 4-week test period and did 
not exhibit any of the symptoms noted in 
the zinc-deficient group. 

On the basis of the results of this pre- 
liminary study, a more comprehensive 
experiment was designed. In this, the 
Drackett protein was extracted by wash- 
ing with a hydrochloric acid solution at 
pH 4.6 and then dried about 36 hours 
in an oven at temperatures up to 100°C. 
The unextracted basal ration contained 
19 ppm of zinc; the extracted basal 
ration analyzed 7 ppm (8). Basal rations 
containing either the unextracted or ex- 
tracted protein were fed by themselves 
and with 100 ppm of zinc as zinc sulfate. 
A total of 120 White Meteor x White 
Rock 1-day-old chicks were allotted on 
the basis of weight into the four groups, 
each of which contained three replicates 
of five females and five males each. 

The experimental birds were brooded 
in an electrically heated battery with 
raised, wire floors. All battery parts were 
coated with epoxy plastic; the bottoms 
of the dropping pans and wire floors 
were coated with shellac. Glass founts 
having a plastic base supplied distilled 
water for drinking. The battery was iso- 
lated in a room relatively free from dust. 

The basal diet was essentially that used 





Table 1. The effect of zinc deficiency and 
supplemental zinc on chick weights and 
feed conversion. 








Gain 

Av. in wt 

Treatment wts* per 

Group (diet) at4 Ibof 

wk feed 

(g) (Ib) 

1 Basal 1 183 0.45 
2 Basal 1+ 100 

ppm zinc 363 0.69 

3 Basal 2 101 0.35 
4 Basal 2+ 100 

ppm zinc 333 0.62 





* Significantly different. Orthogonal comparison 
(9). P<.01 for groups 1 and 3 versus 2 and 4; 
group 1 versus group 3; P < .05 for group 2 
versus group 4. 


by Morrison et al. (7) without the zinc 
supplement. Drackett protein was used 
in basal diet 1; the extracted and dried 
product was used in basal diet 2. Min- 
erals were reagent-grade chemicals. The 
experimental diets were mixed in plastic 
equipment and stored in plastic bags. Ex- 
perimental diets and distilled water were 
supplied ad libitum throughout the ex- 
perimental period. Feed consumption 
was recorded. 

As shown in Table 1, the birds in 
groups 1 and 3 grew poorly and utilized 
their feed inefficiently. As in the previous 
test, they developed a severe dermatitis 
of the feet, frizzled wing feathers, infan- 
tile body feathers, and a goose-stepping 
walk. 

Addition of 100 ppm of zinc to the 
ration containing the unextracted protein 
(group 2) produced normal growth, 
feathering, and feed utilization. When 
zinc was added to the ration contain- 
ing the extracted protein (group 4), 
response was not quite as good as it 
had been on the unextracted protein. 
This difference in performance between 
groups 2 and 4 shows that some factor(s) 
in addition to zinc was removed by ex- 
traction or that the process of extraction 
and drying altered the nutritive value of 
the protein supplement. 

The results of these experiments indi- 
cate that zinc is required by the chick for 
growth, feather development, and main- 
tenance of a healthy condition of the 
skin of the feet as well as for the effi- 
cient utilization of feed. 

Rosert H. Roserson 
Puiu J. ScHAIBLE 

Department of Poultry Husbandry, 
Michigan State University, East Lansing 
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Demonstration of the 3-Methoxy 
Analog of Norepinephrine in Man 


Recent studies by Armstrong, McMil- 
lan, and Shaw (1) have shown that a 
major metabolite of norepinephrine and 
epinephrine found in human urine is 
3-methoxy-4-hydroxymandelic acid. Sub- 
sequently it was shown by Axelrod (2) 
that the 3-hydroxy position of both nor- 
epinephrine and epinephrine can be 
methylated by animal tissues to yield the 
corresponding 3-methoxy analogs. The 
3-methoxy analog of epinephrine (ME) 
was also reported to be present in rat 
urine (2). Since the conversion of cate- 
cholamines to their methoxy analogs 
may play some role in the physiology of 
these agents, it seemed important to 
determine whether these substances exist 
in man. 


Table 1. Chromatographic behavior of 
methoxy analogs of catecholamines and 
the compound extracted from four pheo- 
chromocytomas. Abbreviations correspond 
to the methoxy analogs of norepinephrine 
(MN), epinephrine (ME), and 3,4-dihy- 
droxyphenylethylamine (MD). The chro- 
matograms were sprayed for phenols with 
a freshly prepared solution of N, 2,6- 
tri-chloro-f-quinoneimine (0.05 percent 
weight/volume in ethanol) followed by 
borate buffer, pH 9.0 (4). 














Rt 
I Buta- 
Com- nH nol- Col 
pound 5% ; acetic ova 
oS os 
: (8:1:1) 

1 0.62-0.66 0.31 Blue 
MN 0.65 0.30 Blue 
ME 0.80 0.28 Blue 
MD 0.77 0.40 Tan-Pink 
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Since preliminary attempts to demon- 
strate the methoxy amines in human 
urine were unsuccessful, it was decided 
to look for them in tissues, A human 
tumor tissue which can be readily ob- 
tained and which contains large amounts 
of the parent catecholamines is pheo- 
chromocytoma. When several such tu- 
mors were extracted and the extracts 
subjected to paper chromatography, they 
were found to contain appreciable quan- 
tities of the 3-methoxy analog of nor- 
epinephrine (MN). 

The tumors (3) were homogenized in 
6 volumes of 0.01N HCl, adjusted to 
pH 10 by addition of a saturated solu- 
tion of sodium carbonate, and extracted 
three times with 5 volumes of n-butanol. 
To the combined butanol extracts were 
added an equal volume of heptane and 
0.2 volume of 0.5N HCl. After shaking, 
the aqueous layer was evaporated to dry- 
ness in vacuo and the residue taken up 
in 10 ml of methanol. The methanol was 
then evaporated to 0.4 ml, and portions 
were subjected to chromatography on 
Whatman No. 1 paper with two differ- 
ent solvents. The results of these studies, 
summarized in Table 1, indicate that all 
the tumors contained a butanol extract- 
able base (compound 1) identical with 
MN, as shown by its R; and the color 
obtained with the phenol reagent and 
ninhydrin. In several instances the areas 
corresponding to MN on the chromato- 
grams obtained with isopropanol-NH, 
were eluted and rechromatographed with 
butanol-acetic acid. The Ry, values ob- 
tained were again identical with those 
of authentic MN. The tumor containing 
epinephrine was found also to contain 
two additional phenolic substances, com- 
pounds 2 and 3. Compound 2 appeared 
on the chromatograms between MN and 
ME and gave a bluish-green color with 
the phenol reagent, unlike that of the 
three available standards. Compound 3 
exhibited Ry, values and color (tan-pink) 
identical with those of 3,4-dihydroxy- 
phenylethylamine (MD). 

The areas on the chromatogram corre- 
sponding to compounds 1, 2, and 3 were 
eluted with 0.01N HCl, and their fluor- 
escence characteristics were compared 
with those of authentic MN, ME, and 
MD, by means of an Aminco-Bowman 
spectrophotofluorometer (Fig. 1). All 
three compounds and the reference 
standards exhibited maximal activation 
at 280 mp and maximal fluorescence at 
330 mu, 

Further evidence about the identity of 
compound 1 was obtained by eluting it 
from the chromatogram and subjecting 
it to distribution between equal volumes 
of 06.5M borate buffer, pH 10, and n-bu- 
tanol. Analyses were carried out spectro- 
photofluorometrically. The distribution 
coefficients (concn. in butanol/concn. in 
aqueous) obtained for compound 1 and 
MN were 0.43 and 0.44, respectively, 


























12 
wr 4 
10 - 4 
S. at 
8r = 
w 
MBE a 7 
za 
mee 
> L - 
ce 
.-§ 
ec 5 pa 
-.” 
a 
eee af 
.-§ 
3+ ‘ 
2r ol 
i 4 
1?) 
200 300 400 500 


me 
Fig. 1. Activation and fluorescence spectra 
in 0.01N HCl. Compound 1, apparent 
MN; compound 2, unknown; compound 
3, apparent MD, Std., authentic MN; 
spectra obtained with authentic ME and 
MD were identical with those of MN. 


whereas values for ME and MD were 
4.0 and 6.1. 

One tumor subjected to quantitative 
assay for MN by means of a combination 
of paper chromatography and spectro- 
photofluorometry was found to contain 
about 25 ug/g. Preliminary studies indi- 
cate that the tumors contain the enzyme 
which transfers the methyl group from 
S-adenosylmethionine to the 3-hydroxy 
group of catecholamines (5, 6). 

ALBERT SJOERDSMA, WILLIAM M. Kino 

LEMUEL C. LEEPER 
SwnNey UpENFRIEND 
National Heart Institute, 
National Institutes of Health, 
Bethesda, Maryland 
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Developmental Anomalies in 
Offspring of Pregnant Mice 
Treated with Nicotine 


It has been known for some time that 
nicotine is among other things a so-called 
mitotic poison. Brock et al. (1) reported 
that this chemical severely impedes the 
mitosis of fertilized ovum of the sea 
urchin, and according to Mainx (2) it 
induces an abnormal mitosis in the epi- 
thelium of the oral cavity of the sala- 
mander. Although, from a hygienic point 
of view, the effects of chronic nicotine 
poisoning on reproduction in the Muridae 
and on the vitality of the offspring have 
been studied (3), yet no investigation of 
the effects of nicotine on the develop- 
ment of the offspring has been made. 
This led us to undertake a detailed in- 
vestigation of the effects of this chem- 
ical on the development of embryos by 
its transitional application to pregnant 
mice. 

As material, mice of the S strain ob- 
tained from the Japanese National In- 
stitute of Genetics were used. Female 
mice 2 to 5 months old were mated, and 
230 mice which had been diagnosed as 
pregnant were used. Between 5 and 15 
days after mating, nicotine (0.1 percent 
aqueous solution) prepared by Merck 
and Co., Ltd., was injected subcutane- 
ously or intraperitoneally once, or re- 
peated on two or three consecutive days. 
Most of the animals were sacrificed at 
term, but some were opened in the 
period of mid-pregnancy. Then the state 
of pregnancy and the development of 
the offspring were investigated; the re- 
sults are listed in Tables 1 and 2. 

As controls, 225 full-term fetuses re- 
moved from 29 untreated mice were 
used; only five cases of resorption were 
found, and there were no cases with mal- 
formations. 

Tables 1 and 2 indicate that nicotine, 
when it is administered during certain 
periods of pregnancy, has a remarkable 
lethal effect. In many litters, all the em- 
bryos seemed to have died immediately 
after injection. Sometimes, however, we 
saw embryos which had developed for a 
few days after injection and had then 
died. The litter size of the nicotine- 
treated mice, whose pregnancy did not 
undergo complete resorption, was sig- 
nificantly different from that of the con- 
trols. Although weights are not listed in 
the tables, we should note that the aver- 
age body weights of the surviving em- 
bryos were slightly less than those of the 
control group, but no significant differ- 
ence was recognized. 

Next, it was confirmed that nicotine 
often showed conspicuous teratogenic ef- 
fects when it was administered during 
the mid-term of pregnancy. The effect of 
three injections given between the 9th 
and 11th days was more severe than that 
ef one injection given on any other day. 
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Malformations, in almost all cases, be- 
longed to the skeletal system. Defects in 
the limbs were especially predominant 
in number. Among them, digits with 
maldirection were most frequent. Besides 
the occurrence of the previously men- 
tioned defects, an appreciable number 
of malformed ankle, elbow, and wrist 
joints, spinal curvature, and a few cleft 
palates were observed. It was also shown 
that the later in gestation the mice were 
opened, the more anomalies of the limbs 
were to be observed in the embryos. The 
critical period for the digital anomalies 
was assumed to be the 6th to the 14th 
day. It is to be noted that the highest 
frequency was recognized in the period 
from the 7th to the 12th day. 
Histologically it was recognized that 
in the case of a digit with maldirection, 


its joints were malformed, or bones were 
deviated. In the case of pes varus or pes 
valgus, there was an enlargement of the 
articular cavity in the tibiotarsal joint 
or an irregularity of the metatarsal bones. 
In the case of malformed elbow joints, 
the trochlea humeri was malformed. In 
the case of spinal curvature, wedge- 
shaped vertebral bodies were recognized. 
Moreover, the over-all osteogenesis was 
retarded in the bones of the respective 
joints. 

It was also found that in macroscopic 
or histological observations, placentae of 
the malformed embryos were normal ex- 
cept in one case in which a fairly large 
hemorrhagic area was recognized. 

Now it must be pointed out that the 
administration of the chemical before 
the ninth day of gestation, when the 


Table 1. Effects of nicotine (in 0.1 percent aqueous solution) injection on pregnant mice 


observed at term. 











No. of Fetuses 
Dosage preg- 
per day nancies 
Shes ial (mg/g) — under- Av. Con- Type and 
Pxt 3 and hn going _ilitter gem No. of 
IneCtee method of com- size Total Dead tal anomalies} 
of in- ae No. (%) anom- 
jection* resorp- alies 
tion (%) 
5 0.025 (s.c.) 6 3 4.3 13 0 0 
6 0.025 (s.c.) 17 6 8.1 89 15 9 4T, 3D(t), IP 
7 0.025 (s.c.) 15 5 8.1 81 14 26 2Cu, 7D(f), 8P, 
12D(t), 2T 
8 0.025 (s.c.) 15 5 7.0 70 17 21 1Cu, 1M, 5P, 10D(t), 
3D(f), 1T 
9, 10, 11 0.025 (s.c.) tt 23 8.0 168 11 64 9Cu, 4M, 39D(f), 
3Sd(f), 1Bd(f), 
89D(t), 3Sd(t), 
1Pd(t), 36T, 12P 
9, 10, 11 0.008 (i.p.) 34 13 7.5 158 15 40 6Cu, 3M, 22D(f), 
2Sd(f), 7P, 55D(t), 
1Sd(t), 3T 
12 0.025 (s.c.) 13 3 6.5 65 32 18 1Cu, 1M, 4D(f), 
5P, 5D(t) 
13 9.025 (s.c.) 14 3 7.1 78 2 10 4P, 4D(t), 1Ad(t), 
1Bd(t) 
14 0.025 (s.c.) 10 1 7.2 65 11 11 3Cu, 2D(f), 2P, 
3D(t), 2Pd(t) 
15 0.025 (s.c.) 14 1 7.4 96 5 





* Abbreviations: s.c., subcutaneous; i.p., intraperitoneal. 

+ Anomalies: Ad(t), adactvly (toe); Bd(f), brachydactyly (finger); Bd(t), brachydactyly (toe); Cu, 
malformation of elbow joint; D(f), malformation of joint of finger; D(t), malformation of joint of toe; 
M, malformation in wrist joint; P, malformation in ankle joint (mostly pes varus, occasionally pes valgus) ; 
Pd(t), polydactyly (toe); Sd(f), syndactyly (finger) ; Sd(t), syndactyly (toe); T, spinal curvature. 


Table 2. Effects of subcutaneous injection of nicotine (0.1 percent aqueous solution) on 
pregnant mice observed in the period of mid-pregnancy. 











Fetuses 
es Dosage —_ Day Av. pana Type and 
injec- per day ef — litter Total Dead tal No. o* q 
ye (mg/g) dates ce: size No. (%) andes anomalies 
alies 
(%) 
8,9 0.025 6 14 7.3 44 11 2 1T 
8,9 0.025 10 15 6.2 62 5 35 8D(f), 15D(t), 2T, tHe 
8,9 0.025 10 16 8.0 80 6 35 4P, 3D(f), 22D(t), 
3Sd(t), 1Sd(f), 3T, 
2Bd(t 
8,9 0.025 7 17 6.7 47 21 41 13D(t), 1Ad(f), 2Bd(f), 


1Sd(f), 4T, 1Ps, 1Ba, 


1Pa, 1Hu 





* Anomalies: Ad(f), adactyly (finger); Ba, shortness of antebrachium; Bd(f), brachydactyly (finger) ; 
Bd(t), brachydactyly (toe); D(f), malformation of joint of finger; D(t), malformation of joint of toe; 
He, hematoma in head region; Hu, umbilical hernia; P, malformation in ankle joint (mostly pes varus, 


occasionally pes valgus); Pa, eyelids open; Ps, cleft 
(toe) ; T, spinal curvature. 


palate; Sd(f), syndactyly (finger); Sd(t), syndactyly 
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primordium of the limbs appears, also 
induces anomalies. For this fact, we are 
at present not able to give a definite con- 
clusion—that is, the possibility that this 
chemical affects the cells of the earlier 
stage than the primordium or that its 
action continues in the embryo for many 
days could not be decided. There are 
many chemical agents, which induce 
teratogenic effects mainly on the skeletal 
system, such as nitrogen mustard (4), 
ethylurethan (5), 8-azaguanine (6), 
2,3-dimercaptopropanol (BAL) (7). But 
it is peculiar to the case of nicotine treat- 
ment that the critical period for anoma- 
lies in limbs is sc long and that malfor- 
mations so often occur in the various 
joints. 

It may be concluded that we confirmed 
that nicotine has a lethal effect upon em- 
bryos of mice and also has a powerful 
teratogenic effect on their skeletal sys- 
tem when it is administered during preg- 
nancy. 

Hiveo NisHIMURA 
Kazuo Nakai 
Department of Anatomy, 
Kyoto University, Kyoto, Japan 
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Effects of 8-Methoxypsoralen and 
Ultraviolet Light in Human Skin 


Extracts of Ammi majus (Linn.) have 
been used by the Egyptians as pigment- 
ing agents for centuries (1). Recently 
one of the active ingredients of this plant 
(8-methoxypsoralen) has been publicized 
by magazines and newspapers as the 
“sun-tan pill.” This substance has been 
used in the treatment of vitiligo, a dis- 
ease of human skin in which circum- 
scribed spots of the skin stop forming 
pigment. 8-Methoxypsoralen has been 
shown to be a photosensitizer (2) but, 
paradoxically, many individuals have re- 
ported that the ingestion of this sub- 
stance protects them against sunburn 
(3). 

The following experiment (4) was 
performed to clarify the mechanism by 
which 8-methoxypsoralen and sunlight 
alter the physiological reactions of hu- 
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® ¢ 
Fig. 1. Human skin showing stratum lucidum (arrow). 


man skin. The subject (blond, blue-eyed, 
healthy, 33-year-old white male) exposed 
an area of the left thigh to ultraviolet 
irradiation with a mercury vapor lamp 
at 30 inches distance and with exposure 
times of 1, 3;°5, 5, 5, 3,10, 10, 15,:15 
15, 15, 15, and 15 minutes on successive 
days. Afterward a similar area of the 
right thigh was exposed in the same 
manner, but in this second series of 
irradiations, 20 mg of 8-methoxypsoralen 
was taken by mouth 2 hours before each 
exposure, The ultraviolet irradiation was 
of low intensity, and no clinical redness 
was produced at any time. Specimens of 
skin for microscopic examination were 
removed from the irradiated areas of 
both thighs on the 7th and 14th days of 
the irradiation series. 

After 14 days of irradiation, the thresh- 
old erythema dose of ultraviolet light 
in the treated area of the left thigh was 
25 minutes; 50 minutes of irradiation to 
the corresponding area of the right thigh 
produced no redness. Microscopic ex- 
amination of the specimens of skin re- 
vealed that the most prominent change 
occurred in the horny layer. The horny 
layer had thickened in both treated 
areas, but the specimen from the right 
thigh also revealed the formation of a 
stratum lucidum. Normally, a stratum 
lucidum is seen only in areas where the 
epidermis develops a thick horny layer 
—for example, on palms and soles. Physt- 
ologically, it is never seen in the skin of 
the thigh. The thickening of the stratum 
corneum and formation of a stratum 
lucidum appears to represent the initial 
reaction of the skin in response to 
8-methoxypsoralen and sunlight. There 
was no melanin present in the stratum 
corneum in these specimens, so the in- 
creased tolerance to ultraviolet light was 
due solely to the alteration in the horny 
layer. Miescher (5) has shown that ultra- 
violet irradiation produces thickening of 
the horny layer; such thickening consti- 
tutes the primary protective mechanism 
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of the skin against ultraviolet irradiation. 
Microscopic examination of skin from 
the back of an individual who had been 
using 8-methoxypsoralen and sunlight for 
2 months revealed a prominent stratum 
lucidum (Fig. 1.). 

The combination of ultraviolet light 
and 8-methoxypsoralen resulted in more 
new pigment formation in the treated 
area of the right thigh than in the cor- 
responding control area of the left thigh. 
The quantity of newly formed pigment 
was not great. Examination of the skin 
from the individual who had_ used 
8-methoxypsoralen for 2 months revealed 
an abnormally large amount of pigment 
in both the basal cell layer and the horny 
layer. The pigment-forming cells and 
their dendritic processes were not filled 
with melanin. The absence of pigment in 
the dendritic processes would indicate 
that no great amount of pigment was 
being formed at the time the specimen of 
skin was removed. It appears from these 
findings that, while 8-methoxypsoralen 
increases the pigmenting effect of ultra- 
violet light, the development of the 
psoralen tan is due primarily to retention 
of pigment in the skin. The psoralen tan 
has a curious quality (6), and this may 
be due to the large amount of melanin 
retained in the altered horny layer. 

S. Witu1AM Becker, Jr. 
Department of Dermatology, 
College of Medicine, 
University of Illinois, Chicago 
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Cutaneous Vibratory Thresholds 
for Square-Wave Electrical Pulses 


One approach to the understanding 
of the cutaneous senses is the study of 
their responses to stimulation by electric 
currents. If the several senses show dif- 
ferent effects of variations in stimulus 
current parameters, this might help to 
elucidate the mechanisms involved. 

As the frequency of alternating cur- 
rent applied to the skin is increased, 
there is a rise in thresholds for sensations 
of vibration (or “tingle”) (1, 2) and of 
pain (3), the latter thresholds rising at 
a somewhat greater rate than the former. 
These effects could result from such fac- 
tors as the change in frequency, the 
change in rate of current increase during 
an individual cycle, or from the change 
in duration of each cycle. All these quan- 
tities change as the frequency of sinu- 
soidal current is changed, and conse- 
quently their effects cannot be assessed 
separately. 

If square-wave stimulation is used, 
there can be achieved separate variation 
of frequency and duration, while rate of 
current increase during each pulse re- 
mains constant. Square-wave stimulation 
is thus a means of analyzing the fre- 
quency-intensity functions obtained with 
sinusoidal currents. 

In 1953 Sige! (4) published results of 
stimulation of the upper volar forearm 
with square-wave electrical currents. It 
appeared desirable to reinvestigate the 
matter with several improvements in 
technique. (i) A stimulator of high im- 
pedance was used. Because of the ca- 
pacitance of the human skin, square- 
wave voltages applied to it result in the 
passage through it of currents almost 
spike-like in form when the source is of 
low impedance. (The stimulator used by 
Sigel has an output impedance of 250 
ohms.) (ii) The current passed through 
the skin was measured rather than the 
voltage applied to it, because of varia- 
tions in skin impedance during an experi- 
mental session. (iii) Psychophysical pro- 
cedure in threshold measurement was 
used. 

Square waves were provided by a 
General Radio type 1217-A unit pulser 
driving a General Radio type 1219 unit 
pulse amplifier. A 100-kohm potentiom- 
eter across the amplifier output provided 
an adjustable square-wave voltage with 
which to buck a 45-v cutoff voltage ap- 
plied to the grid of a type 24-G trans- 
mitter triode. The triode plate circuit, 
operated at 900 v, included in series the 
subject, a 10-kohm measurement resist- 
ance near the electrodes, and 600-kohm 
of resistance. Current amplitude through 
the subject was computed from the volt- 
age across the measurement resistance as 
observed on a DuMont type 340 oscillo- 
scope, calibrated with a DuMont type 
264-B voltage calibrator. The diameter 
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Table 1. Mean absolute thresholds at the several pulse durations and rates. The upper 
number is threshold in milliamperes; the lower number is the ratio of threshold to mean 
of all thresholds at 2.0 msec and longer. Entries in parentheses are medians of data from 
one observer; other entries are means of data from three observers. 





i emcee bP eae ie 
Mol 0.1 0.2 0.4 
1000 (1.03) (0.84) 
(2.06 ) (1.68) 
500 = (1.50) 1.25 0.98 
(3.00) 1.88 1.47 
200 (1.40) 1.27 0.97 
(2.80) 1.91 1.46 
100 (1.50) 1.25 0.97 
(3.00) 1.88 1.46 
60 (1.52) 1.37 1.04 
(3.04) 


of the indifferent electrode was 24 mm; 
that of the active, positive electrode was 
7 mm. Both electrodes were covered with 
Medcraft electrode paste. 

Two graduate: students and one staff 
member served as subjects. All had had 
previous experience in reporting electri- 
cally aroused cutaneous sensations. The 
seated subject placed the heel of his 
right palm on the indifferent electrode, 
his right index finger pad on the active 
electrode, and was told to report the 
occurrence of vibratory sensations. 

Thresholds were measured by a modi- 
fied method of limits (continuous varia- 
tion; ascending series only in order to 
avoid adaptation). Frequencies investi- 
gated were 60, 100, 200, 500, and 1000 
pulses per second. Pulse durations ranged 
from 0.1 to 7.0 msec, with the limitation 
that a duty ratio of 0.5 could not be 
much exceeded by the pulse amplifier. 
The longer durations therefore had to 
be omitted at the higher frequencies. 
During a given session on a given day 
one ascent to threshold was made at each 
of the 30 usable combinations of fre- 
quency and duration. A total of eight ses- 
sions, on eight different days, took place 
for each subject. The presentation order 
of the frequency-duration combinations 
was scrambled from one day to another. 

The resulting eight measurements at 
each frequency-duration combination 
were first averaged for each subject. Be- 
fore the results for the three subjects 
were combined, the averages were con- 
verted to ratios of the individual’s base- 
line, in order to provide measures which 
were comparable in spite of individual 
differences in sensitivity. The baseline 
for each subject was taken as the mean 
of his thresholds at durations of 2.0 msec 
and longer, these values being essentially 
the same for a given subject. The three 
baselines were 0.50, 0.69, and 0.80 ma. 

Table 1 presents the thresholds ob- 
tained in terms of current and also shows 
the corresponding ratios to baseline, the 


Pulse duration (msec) 





0.7 $e) 9g “gg ee 
(0.81) 
(1.62) 

0.85 0.85 

1.28 1.28 


0.78 0.71 0.66 
jee 1.07 0.99 


0.79 0.72 0.63 0.67 
1.19 1.08 0.95 1.01 


0.84 0.75 0.67 0.68 0.69 
1.26 1.13 1.01 1.02 1.04 





latter being the dependent’ variable in 
the strength-duration curves of Fig. 1. 
The curves for the several frequencies 
are quantitatively quite similar, indicat- 
ing that change of frequency has a 
negligible effect on electrical vibratory 
threshold. The pronounced effect of 
pulse duration on threshold is similar to 
but somewhat greater than that shown 
by Sigel for 50 “c.p.s.” and is quantita- 
tively similar for the other frequencies 
investigated. 

In the range of frequencies examined, 
it may be inferred that the increase of 
cutaneous vibratory thresholds, as sinu- 
soidal current frequency is raised, results 
largely from the shortening of the half- 
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Fig. 1. Strength-duration curves at several 
pulse rates. “RL/baseline” is the ratio of 
absolute threshold (RL) to the mean of 
RL’s at pulse durations of 2.0 msec and 
longer. The parameter is pulses per second 
(PPS). The means of data from three ob- 
servers (O’s) are indicated by solid cir- 
cles; at those points for which the RL’s of 
two O’s were above maximum stimulator 
output, the medians of the data for the 
remaining O are indicated by open circles. 
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cycle length, rather than from any di- 
rect effect of frequency per se. Quantita- 
tively, the effect of halving duration is 
to double the difference between the ab- 
solute threshold and the baseline. 

However, it is not clear that duration 
alone can account for the entire fre- 
quency effect in sinusoidal stimulation. 
At frequencies sufficiently high that the 
baseline current is a negligible fraction 
of that required to reach absolute thresh- 
old, doubling frequency should double 
threshold. Schwarz (2) found this to 
occur in the range from 1 kcy to 4-16 
kcy/sec (the upper limit depending on 
certain other parameters), but at higher 
frequencies (for example, 32 and 64 
kcy/sec) thresholds were significantly 
higher than would be predicted. This 
might result either from physiological 
factors such as altered distribution of 
stimulus current in the tissues, or from 
increased loss in the stimulating appa- 
ratus at high frequencies. 

It is of interest that the curves of the 
present experiment indicate a chronaxie 
of about 0.2 msec, a value typical of that 
obtained from A-fibers. Uttal (5), re- 
porting an experiment involving the ef- 
fects of ischemia on thresholds for single 
electrical pulses applied to the forearm, 
also concluded that A-fibers were in- 
volved in electrical cutaneous sensory 
stimulation. However, neither experiment 
necessarily means that “nerve” as op- 
posed to “receptor” is invariably the 
site of such stimulation. In view of the 
evidence marshalled by Weddell (6) 
against any necessary morphological dis- 
tinction between cutaneous sensory nerve 
and receptor, a more cautious interpreta- 
tion is indicated. Certain characteristics 
of the response to electrical stimulation 
of the “touch” system have been ascer- 
tained. It remains to be seen whether 
the other cutaneous qualities differ in the 
way in which they respond to changes in 
stimulus current parameters (7). 

J. F. Haun 
Psychological Laboratory, 
University of Virginia, Charlottesville 
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The Molecular Formula 
Generalized in Terms of Cyclic 
Elements of Structure 


The molecular formulas for all ordi- 
nary covalent substances may be gen- 
eralized in terms of the number of cyclic 
elements of structure in the molecules 
according to Eq. 1: 


p=1+% Snv(v-2) (1) 


where p is the total number of rings and 
multiple bonds in the molecule (that is, 
cyclic structures), n, is the number of 
atoms of covalence v, and the sum is 
taken over all the v’s. The term cyclic 
structures may be used to include both 
rings and multiple bonds if the latter 
are considered to be (as they are, in- 
deed, logically, generically, and stereo- 
chemically) two-membered rings. 

For most organic and inorganic cova- 
lent substances, this reduces to Eq. 2: 


p=1+¥a(2nctny,p—na,x) (2) 


where ng is the number of carbon atoms 
in the molecule, ny p is the total num- 
ber of nitrogen and phosphorus atoms, 
and ny x is the total number of univa- 
lent atoms; hydrogen, halogen, and so 
forth. The terms for oxygen and any 
dicovalent element obviously disappear. 
Equation 2 can, of course, be stated 
also as 


p=1+%(2nivtny—n1, vin), 


where the subscripts refer to the num- 
bers of the main groups in the Periodic 
Table. 

The single term for all nitrogen atoms 
regardless of their oxidation numbers or 
their formal valence numbers follows 
from the consideration that the cyclic 
structures containing nitrogen ordinarily 
involve the three nonpolar bonds and not 
the additional coordinate bonds present 








in the higher oxidation state (compare 
nitroso and nitro groups). Similar con- 
siderations apply to the coordinate va- 
lencies in oxidized sulfur and phosphorus, 
but if in these atoms an expanded cova- 
lency involving, for example, ten elec- 
trons is visualized, the terms 2ng and 
3np would be indicated in Eq. 2. 

Electrovalent radicals can be accom- 
modated by reference to their covalent 
analogs, the free acids and bases; for 
quaternary nitrogen the term 3ny+ based 
on an empirical pentavalence, applies. 

These equations have practical utility 
in that the number of cyclic structures is 
given directly by substituting in Eq. 2 
the subscripts in the molecular formula 
—for example, bromine, Br,=0; cho- 
lesterol, C,,H,,0=5; hexamethylene 
tetramine, C,H,,.N,=3; nitric acid, 
HNO, =/; nitrogen, N,=2; nitroglyc- 
erine, C,H;N,0,=3; penicillin G, 
C,,H,,N,O,SNa=9; phosphorus sulf- 
oxide, P,O,S,=3; phosphorus vapor, 
P,=3; streptomycin, C,,H,,0,.N, =6; 
strychnine, C,,H,.N,O, = 12. It is gen- 
erally accepted tacitly that in counting 
the number of cyclic structures in a poly- 
cyclic system no cyclic structure is 
counted if it is made up entirely of ele- 
ments of other cyclic structures which 
themselves have been counted. That is, 
decahydronaphthalene, cyclohexene ep- 
oxide, acetylene, and nitrogen contain 
only two cyclic structures each, and tet- 
rahedral molecules, such as P,, hexa- 
methylenetetramine, P,O,,  P,O,, 
As,O,, and P,O,S,, contain only three 
(not four) cyclic structures. 

Equation 2 reduces further to the fa- 
miliar general formulas for the various 
homologous series of organic compounds 
if the restrictions which define the series 
are introduced into it. For example, for 
the acyclic saturated hydrocarbons (al- 
kanes, paraffins), introducing p=0 and 
dropping terms other than those for 
C and H gives nq = 2ng+ 2. Similarly, 
for the homologous amino monocar- 
boxylic acids, introducing p=1° and 
Ny=1 (Moxygen=2), gives ny=2ngt 1 
(oxygen = 2)- 

Mitton D. SorFeEr 
Department of Chemistry, Smith College 
Northampton, Massachusetts 
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W eatherwax’s BOTANY 


Superbly illustrated, this practical text 
ideally meets the demands of current 
educational trends for shorter courses 
with broader coverage. It is a concise 
presentation of the principles of bot- 
any, containing all the material neces- 
sary for a one semester course. The 
text is divided into two sections—the 
first clearly illustrates general _ prin- 
ciples of biology with examples from 
the plant kingdom. Emphasis is placed 
on the living plant as a tangible ex- 
pression of the science, relating it to 
everyday life in either a physiologic or 
morphologic sense — whichever best 
suits the topic under consideration. 
The second part is devoted to study of 
specific groups of plants. Technical 
terminology is minimized throughout. 
By Paut WeatHERWAXx, Professor of Botany, Indiana 


y, 
University. 509 pages, 6”x9i4”, with $05 illus- 
trations. $5.75. Third Edition! 
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Turner’s 


GENERAL ENDOCRINOLOGY 


Every aspect of endocrinology is thoroughly explored 
and clearly explained in this beautifully illustrated text. 
The book is especially designed for advanced college 
courses in the biological sciences and for graduate courses. 
First, it covers historical background. Then it describes 
the experimental and clinical methods used in gaining 
knowledge; the interrelations of glandular function; and 
the evolution and embryology of all types of regulation 
in both plants and animals—auxins, organizers, neural 
regulators and endocrines. 


By C. Donnett Turner, Ph.D., Lecturer in Biology, Tokyo Army Education 
Center, Tokyo, Japan. 553 pages, 6” x9”, with more than 300 illustrations on 
171 figures. $8.00. Second Edition! 


























Villee’s BIOLOGY 


All the information a student 
should acquire in a college biol- 
ogy course is superbly presented 
in this text. The major facts and 
principles of modern biology are 
expertly revealed. Subjects are 
explained with a skillful blend of 
generalization and rich, descrip- 
tive detail. Beginning with a dis- 
cussion of the scientific methods 
of investigation, the author pre- 
sents a total picture of botany 
plus the invertebrates and verte- 
brates — from cellular function 
through body systems. Evolution 
and ecology are well presented. 

By Craupe A. Vitteez, Harvard University. 


615 pages, 612” x 10”, with 323 illustrations. 
$6.75. Third Edition! 
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Frobisher—FUNDAMENTALS 
of MICROBIOLOGY 


This book introduces the student to the 8 major groups of 
microorganisms and describes in detail the structure, growth 
and habitat of each group. It explains how these micro- 
organisms, especially bacteria and viruses, exemplify basic 
principles of biology such as reproduction and growth, 
metabolism, genetics, variation and mutation. The methods 
used in the observation, propagation and study of micro- 
organisms are thoroughly explained and outlined in a con- 
cise, informative style. These include phase and electron 
microscopy, labeled antibodies, tissue culture, selective 
methods, ’phage typing and the use of membrane filter 
techniques. The role of microorganisms in nature are illus- 
trated. 

Dumncable Disease Center U.S, Public Health Service? Amociate Profesor of Bac 
teriology, Emory University; Formerly, Professor of Bacteriology, Johns Hopkins 


University; Professor and Head, Department of Bacteriology, University of Georgia. 
Ga? jenn 224 illustrations. $6.50. Stcth Edition? 
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Letters 


Science Books for Children 


The launching of sputnik I and sput- 
nik II has speeded up the re-evaluation 
of science education in this country. 

For some years now it has been my 
thought that there ought to be an award 
for the best science book for young peo- 
ple, similar to the Newberry and Calde- 
cott awards. The John Newberry Medal 
for the Most Distinguished Contribution 
to American Literature for Children has 
been awarded annually since 1922, while 


the Caldecott Medal has been presented 
to the artist of the most distinguished 
picture book of the year. 

There is no reason why, in this scien- 
tific age of ours—or space age, if you 
will—the American Association for the 
Advancement of Science should not make 
an annual award of a medal, named for 
an illustrious scientist, in order to single 
out what the association considers to be 
the best book on a scientific subject for 
young children. This would help to de- 
velop the idea that the study of science 
is, after all, part of the study of the 
humanities; it would help to encourage 
writers of science books; it would help 
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to bring the fields of literature and sci- 
entific endeavor together. 

It is a truism that our children are the 
hope of the future. It is they who will 
be the scientists of the future. I believe, 
therefore, that establishment of an AAAS 
science award would be a worthy proj- 
ect, eminently fitting as part of our in- 
creased emphasis on science education 
for the very young. Science education is 
not only for college and high-school stu- 
dents; it must of necessity begin in the 
elementary-school grades. I would like 
to see an award of this type given for 
books that are published for children be- 
low the age of 12. An example of the 
kind of book that might be honored by 
such a prize is the beautiful little volume 
by Irma Eleanor Webber called Up 
Above and Down Below, which is meant 
for grades two to four in the public 
schools, : 

H. Rocosin 
Hollywood, California 


Shorthand Notation 


In Science recently [127, 297 (7 Feb. 
1958) ], H. C. H. Kernkamp describes a 
method for indicating castration by use 
of the sex symbols 9 and ¢ with a por- 
tion of the circle removed. 

Many laboratories develop a_ short- 
hand type of notation to indicate “phys- 
iological state.’ Our own is quite 
convenient and may be of interest. Cas- 
tration is indicated by a cross superim- 
posed upon the circle of the gender 
symbols; immaturity is denoted by in- 
complete symbols (the female symbol 
without the crossbar; the male symbol 
without the arrowhead); pregnancy, by 
making the vertical bar of the female 
symbol tangential to the left of the circle, 
as in the letter p; and so on. 

NatHAN MILLMAN 
Ortho Research Foundation, 
Raritan, New Jersey 


“Abominable Snowman” 


Recent accounts [Science 123, 1024 
(1956); 126, 858 (1957)] have given 
various interpretations of the Abomin- 
able Snowman or Yeti of the Himalayas. 
This note on the same subject is directed 
toward pointing out some aspects of the 
legend which have been overlooked. The 
interpretation that tracks in the snow 
ascribed to the Yeti may be made by 
man is valid in some instances, but it is 
clear that footprints cannot logically be 
attributed to even the most solitary her- 
mit when they are made in remote gla- 
ciated terrain at great altitudes where 
local inhabitants simply would not travel. 

The explanation that the Yeti tracks 


‘are made by red bears raises a number 


of difficulties. The footprints, such as 
those photographed by Eric Shipton in 
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1951 (1), do not resemble bear tracks. 
Frequently, genuine red bear tracks have 
been attributed to the Yeti, but when 
photographs of these tracks have been 
examined, the bear origin has been 
clearly established (2). Perhaps the 
greatest difficulty with the bear theory, 
and the point most often disregarded in 
statements concerning Yeti tracks, is the 
fact that the high-altitude red bear of 
the Himalayas (Ursus arctos isabellinus) 
is found only in the western Himalayas, 
whereas the origin of the Yeti legend 
and the source of all “genuine” Yeti 
tracks is in the eastern Himalayas. There 
is a fairly striking faunal difference be- 
tween these two regions, and it is not 
legitimate, nor is it good zoogeography, 
to attempt to discredit the legend on 
evidence obtained from the western 
Himalayas or the plateau of Tibet. The 
Abominable Snowman, presumably, has 
no business in these parts. 

Prior to the advent of the eastern 
Himalayan Sherpas into all sections of 
the Himalayas as members of expedi- 
tions, the mountain peoples from Kash- 
mir to Kumaon kad apparently never 
heard of the Yeti, although they have 
many other legends. In the eastern Hima- 
layas, from the Everest area through 
Sikkim, residents of the high valleys con- 
tinually describe the Yeti (in Sherpa, ye 
means high rocky places; ti or te or teh 
means a sort of being, perhaps a dwarf but 
not necessarily a bear) as a bipedal crea- 
ture with reddish hair, varying in height 
from four to six feet. Their description 
fits, in many ways, a bipedal ape, al- 
though these people should have no cer- 
tain knowledge of apes. It is improbable 
that the Sherpas, who are fine observers 
and who have a good acquaintance with 
bears from their frequent travels in 
Tibet, would repeatedly confuse a bear 
standing on his hind legs with the Yeti 
which they describe. Furthermore, in 
the high valleys of the eastern Hima- 
layas, there are no reports of bears. The 
forest bear Selenarctos thibetanus has 
not been reported above tree line, much 
less at 19,000 or 20,000 feet. It is conceiv- 
able and possible that the bear of the east- 
ern Tibetan plateau, the so-called blue 
bear, Ursus arctos pruinosus, may occa- 
sionally cross over the main crest of the 
eastern Himalayas, but, if so, this migra- 
tion has not been reported, and the ob- 
servant Sherpas deny it. Essentially there 
is a problem of interpretation involving 
footprints, which, although they do not 
resemble bear tracks (and are bipedal 
over considerable distances, unlike single 
or overlapping bear tracks), are alleged 
to be caused by bears in localities where 
bears are not known to exist. 

That the tracks, or at least the sources 
of the legend, may stem from Himalayan 
langurs does not seen likely or pertinent. 
These forest monkeys are well known to 
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the mountain peoples, and the Yeti foot- 
prints can scarcely be confused with 
langur tracks, That the unique footprints 
may be the result of the high-altitude 
effects of evaporation and sublimation is 
not borne out by fresh Yeti tracks, where 
some detail of the foot is clear. High- 
altitude footprints do enlarge and may 
alter in shape, but this obvious altera- 
tion, which may surprise the casual 
traveler from the lowlands, is promptly 
recognized by an individual with experi- 
ence in snow at high altitudes. It is not 
correct to assume that only the naive 
have seen the tracks, and it is equally 
erroneous to assume that the Yeti is only 
the imagined maker of all sorts of ab- 
lated footprints. 

There has been a curious silence in 
the scientific literature concerning the 
two unusual scalps found in separate 
monasteries in the Khumbu region of 
eastern Nepal. A mammologist of the 
Zoological Survey of India, Biswamoy 
Biswas, has examined the scalps, and 
it has been demonstrated that they are 
not artifacts (3). Photographs of the 
scalps are quite remarkable in that they 
indicate a somewhat conical occipital ex- 
tension, as if the skull possessed promi- 
nent temporal and nuchal crests. There 
is in the scalps the distinct suggestion of 
a large anthropoid ape. Coincidentally, 





the footprints photographed by Shipton 
closely resemble a cast of a foot of the 
mountain gorilla made by Carl Akeley 
in East Africa (4). 

This cast, which was made on a dead 
specimen, exhibits a prominent hallux 
somewhat proximal to the remaining 
toes and perhaps more adducted than it 
would be in life. The line of toes arches 
in a slight semicircle, with the fifth digit 
close to and somewhat beneath the fourth 
digit, so that it could be inconspicuous 
in a footprint. The sole and heel of the 
foot are broad, with the lateral and 
medial borders approximately parallel. 
The general outline, the relationship of 
the hallux, the position and angle of the 
toes, and the inconspicuous fifth digit 
strongly suggest the Yeti footprint. In- 
deed, there are no other footprints which 
can approach the likeness of the Yeti 
track. Although it is true that foot im- 
pressions in the snow are open to wide 
subjective interpretation, it would seem 
to be a conservative assumption that the 
Yeti track, as it appears in good photo- 
graphs, resembles Akeley’s gorilla cast 
much more than it does any normal foot- 
print of a bear. 

In addition, there are reports of re- 
versed “knuckle” prints such as might be 
made by an ape and, in fact, there are 
all sorts of tenuous indications from 
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various Yeti tracks which can be inter- 
preted to point toward the ape origin 
of the footprints. Among the apes, the 
mountain gorilla sometimes inhabits rela- 
tively high altitudes (its presence on 
snow fields has been recorded) in an al- 
pine ecological zone not unlike that 
found in the Himalayas. The zoogeo- 
graphical status of the eastern Hima- 
layas as an area where relictual genera 
are frequent suggests that the existence 
of a relictual high-altitude ape with rela- 
tives in the tropics of Africa and South- 
ern Asia is not an illogical supposition. 
Similar distributions are found among 
other mammal groups which at one 
time were widespread in Asia. 
Whereas it is perhaps presumptuous 
to assume, at this time, that the Yeti is 
in reality some large anthropoid ape, it 
seems that this possibility has not been 
eliminated or sufficiently considered in 
the current arguments of the Yeti critics, 
LAwrENCE W. Swan 
San Francisco State College, 
San Francisco, California 
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I certainly have never denied the pos- 
sibility of the existence of an “abomi- 
nable snowman,” whether it be a giant 
ape or some other unknown creature. 
I am only adhering to a basic tenet of 
scientific procedure when I ask for 
something in the way of positive proof 
of its reality. Unfortunately, those who 
claim to have seen the “snowman” seem 
never to have a rifle at hand, nor even 
a camera. Inference and argument are 
entertaining and admittedly suggestive; 
but the real proof of the pudding is in 
the eating thereof. Collateral evidence, 
such as footprints, is subject to diverse 
interpretations. In this connection, I can- 
not help but recall the “orang pendek” 
and the “Loch Ness monster.” If some- 
one supplies me with the cadaver of an 
undoubted “snowman,” I will be only 
too glad to dissect it and report, to the 
best of my ability, on the creature’s zo- 
ological affinities. Until such proof of its 
existence, or other proof which is just 
as convincing, is at hand, I reserve the 
right to be skeptical. Of particular per- 
tinence in this instance is the observation 
of W. K. Brooks that “suspended judg- 
ment is the greatest triumph of intellec- 
tual discipline.” 

WituaM L. Straus, Jr. 
Johns Hopkins University, 
Baltimore, Maryland 
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Meetings 
Laurentian Hormone Conference 


The 1958 Laurentian Hormone Con- 
ference of the AAAS will be held at 
Blaney Park Resort, Blaney Park, Mich., 
7-12 September. Investigators interested 
in attending this conference should make 
application to the Committee on Ar- 
rangements of the Laurentian Hormone 
Conference, 222 Maple Ave., Shrews- 
bury, Mass., no later than 12 May. A 
conference rate of $12 per day per per- 
son is extended to all invited partici- 
pants. Attendance is limited to invita- 
tions issued by the Committee on Ar- 
rangements. The following program has 
been arranged: 

The Pituitary Hormones: “The physi- 
ology of growth hormone with particu- 
lar reference to its action in the rhesus 
monkey,” E. Knobil and R. O. Greep, 
Harvard School of Dental Medicine, 7 
Sept.; “Human growth hormone,” 
Maurice S. Raben, New England Center 
Hospital, 8 Sept.; “Studies on the iso- 
lation and properties of the follicle 
stimulating hormone,” Sanford L. Steel- 
man and Albert Segaloff, M. D. Ander- 
son Hospital and Ochsner Foundation, 
8 Sept.; “Control by visible light of the 


gonadotrophic activity of the hypophysis 
in the domestic duck,” Jacques Benoit 
and Ivan Assenmacher, College de 
France, 8 Sept. 

Aspects of Steroid Chemistry and 
Metabolism: “Steroid protein conju- 
gates,” Seymour Lieberman, Bernard F. 
Erlanger, Sam Beiser, and F. J. Agate, 
Jr., Columbia University, 9 Sept.; “Frac- 
tionation and isolation of steroid con- 
jugates,” John J. Schneider and Marvin 
L. Lewbart, Jefferson Medical College, 
9 Sept.; “The miscible pool and turn- 
over rate of adrenocortical steroids,” 
Ralph Peterson, National Institutes of 
Health, 9 Sept. 

Aldosterone Chemistry and Physiol- 
ogy: “The physiological factors which 
influence the secretion of aldosterone,” 
Gordon L. Farrell, Western Reserve 
University, 10 Sept.; “Aldsoterone func- 
tions in man,” F. C. Bartter, National 
Heart Institute, 10 Sept. 

Hormones and Metabolism: “Effects 
of steroids on metabolism of lymphoid 
tissue,” A. White, Albert Einstein Col- 
lege of Medicine, 11 Sept.; “Central 
nervous system factors in the regulation 
of endocrine secretion,” John W. Mason, 
Walter Reed Army Medical Center, 11 
Sept.; “Recent studies on secretin and 
cholecystokinin,” Erik Jorpes and Viktor 
Mutt, Karolinska Institute, 11 Sept.; 


The purpose of the pump is to produce artificial 


breathing. A mechanically operated valve is 
synchronized with the stroke. When the pump has 
reached its maximum on the pressure side, the valve 
disconnects the flow of air to the lungs and exhalation 


takes place naturally. The mechanical valve through 


| 







which air is pumped is so made that oxygen or gas 
mixtures may be added. A special feature of this 
unusual pump is that the piston is always driven to the 
top of its chamber; as a result no air is left in the 
chamber at the end of a stroke. The volume can be 


adjusted from maximum to minimum while the pump 


RESPIRATION 
b A OB BO 


is in operation. The bar over which the adjusting pinion 


travels has been conveniently graduated. Thus the 


volume may be varied from zero to 500 cc per stroke. 





No. 70-879—Nine, ten, eleven and twelve inch 
driving pulleys are supplied. A size A V-belt 
will fit these pulleys. Overall dimensions, 14” 
wide, 29” long, 23” high. 





“The parathyroids and regulation of 
blood calcium,” Harold Copp, Univer- 
sity of British Columbia, 12 Sept.; 
“Endocrine interrelationships influenc- 
ing bone formation and bone resorption 
in birds,” Marshall R. Urist, University 
of California Medical Center, Los An- 
geles, 12 Sept. 


Australasian Radiation Biology 


The second Australasian Conference 
in Radiation Biology will be held at the 
Cancer Institute, Melbourne, Australia, 
15-19 December. Papers on relevant sub- 
jects are invited. Titles and a 250-word 
abstract should be received by 31 July. 
Further information may be obtained 
from the convener, Dr. J. H. Martin, 
Physics Department, Cancer Institute 
Board, 483 Lt. Lonsdale St., Melbourne, 
Victoria, Australia. 


American College of Cardiology 


The American College of Cardiology 
will hold its seventh annual meeting at 
the Chase—Park Plaza Hotel in St. Louis, 
Mo., on 20-24 May. The general topic 
will be “Metabolism of the Heart in 
Health and Disease.” The scientific pro- 





















No. 70-8791—Same as No. 70-879 except 
with a motor including a drive which gives in- 
finitely variable speeds, ranging from 0-45 per 
minute. 


PHIPPS A BIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
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gram will consist of symposia, panel dis- 
cussions, fireside conferences, and lec- 
tures on clinical and basic research in 
cardiac metabolism, with particular em- 
phasis on cardiac hypertrophy and the 
effects of exercise and physical stress on 
cardiac function. 

George R. Meneely, Nashville, Tenn., 
will preside over the meeting jointly 
with John S. La Due, chairman of the 
scientific program; Seymour Fiske, gen- 
eral chairman; and Edward Massie, 
chairman in charge of local arrange- 
ments. The program may be obtained 
from Dr. P. Reichert, Secretary, Empire 
State Bldg., New York 1, N.Y. 


Scientific Study of Sex 


The Society for the Scientific Study 
of Sex will hold its first annual meeting 
on 8 November at the Barbizon-Plaza 
Hotel in New York. For details write 
Robert V. Sherwin, 1 E. 40 St., New 
York 17, N.Y. 

The society has been organized to 
foster interdisciplinary exchange in the 
field of sexual knowledge. The aim of 
the society is to bring together scien- 
tists working in the biological, medical, 
anthropological, psychological, sociolog- 
ical, and allied fields who are conduct- 
ing significant sexual research or whose 
profession confronts them with sexual 
problems. 

The SSSS will hold periodic scientific 
meetings for the presentation of research 
papers. It will organize symposia, semi- 
nars, workshops, conferences, and so 
forth, to consider theoretical and prac- 
tical problems in the sexual area. It will 
also publish a journal devoted to rele- 
vant original studies and reports. 

Membership requirements are as fol- 
lows: for fellow, a doctor’s degree or its 
equivalent in one of the biological or 
social sciences, plus outstanding contri- 
butions to sexual knowledge; for mem- 
bers, a graduate degree or its equivalent 
in one of the biological or social sciences 
plus contributions to sexual science—or 
significant contributions to sexual sci- 
ence. Further information concerning 
the society and its activities may be ob- 
tained from R. V. Sherwin. 


Canadian High Polymer Forum 


The eighth Canadian High Polymer 
Forum is to be held 12-14 May at Mac- 
Donald College, Quebec. On 12 May the 
guest speaker, Professor Gee of the Uni- 
versity of Manchester, will address the 
forum banquet on “Predicting Polymer 
Properties.” Reservations for accommo- 
dation in the college dormitories are now 
being accepted by Dr. E. B. Bagley, Cen- 
tral Research Laboratory, Canadian In- 
dustries Limited, McMasterville, Que- 
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All other means of studying induced radio- 
activity levels are considered passé by 
those who have encountered our Detecto- 
lab® DZ46 Automatic Gamma Ray Spec- 
trum Recorder. Grip tightly though he 
may, friend Sherman’s method lacks pro- 
vision for operational reliability, precision 
and stability for counting and recording of 
induced radioactivity levels. 

When deeply involved in activation an- 
alysis, shielding studies, flux patterns, iso- 
tope isolation or short half-life decay 
research, proceed with assurance. ..with 
a DZ46. 

While Sherm travails exceeding distance 
to obtain spectrometry results, leading 
universities, industrial labs and research 
establishments continue to count on our 
versatile instrument. 

Automatic single or repetitive scan, front 
panel selection of five scanning speeds 
and of scanning limits and automatic re- 
petitive charting with no mirror image 
are distinguishing DZ46 features. It will 
operate reliably down to 8 Kev. At a 20 
Kev window width, 1200 cpm may be at- 
tained from a 0.01 ye Cs'37 source in a 
Model DP4 well-type detector. A stand- 
ard 2 inch Nal (T) well crystal is used 
with background limited to approximately 
40 cpm. 

If you would like full information on 
how to scan the energy band from top to 
bottom with the DZ46, write for technical 
bulletin 58-117. Long, but interesting. 


BJ ELECTRONICS 
BORG-WARNER CORPORATION 


Reliability you can count upon 


reproducibility 
and stability 





B) ELECTRONICS 











BORG-WARNER 


3300 NEWPORT BOULEVARD, P. 0. BOX 1679, SANTA ANA, CALIFORNIA 
EXPORT SALES: BORG-WARNER INTERNATIONAL CORP., CHICAGO, ILLINOIS 
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bec. Dr. L. A. McLeod of the Polymer 
Corporation Limited, Sarnia, Ontario, 
Canada, is secretary—-treasurer of the 
meeting. 


Society Elections 


® AAAS Alaska Division: pres., Robert 
Rausch, Anchorage, Alaska; v. pres., 
Edward L. Keithahn, Juneau, Alaska; 
sec., Willetta B. Matsen, Box 960, An- 
chorage, Alaska; treas., Clyde Beers, 
College, Alaska. The representative to 
the AAAS Council is Victor P. .Hessler, 
College, Alaska. 


™ Society for Experimental Stress Analy- 
sis: pres. E. Wenk, Jr., Southwest 
Research Institute; sec.-treas.. W. M. 
Murray, Massachusetts Institute of 
Technology, Cambridge, Mass. The 
vice presidents are W. R. Campbell, 
General Electric Company, and B. J. 
Lazan, University of Minnesota. The 
representative to the AAAS Council is 
Miklos Hetenyl, Northwestern Univer- 
sity. 


™Society for Industrial and Applied 
Mathematics: pres., Thomas H. South- 
ard; sec., Donald B. Houghton, 294 
Western Way, Princeton, N.J.; assistant 























ascending chromatograms? 


IN ADDITION — 


rable worki 


Write for 
Bulletin 125-A 
or 
contact your 
authorized 
RSCo dealer 


888 


COMPARE the PRICE and ask — 
Where else can you find in one cabinet the corrosion resistance 


of a Formica lining PLUS the insulation afforded by glass wool 
PLUS the convenience of a drawer for cleaning and for set-up of | 


~ An especially large triple-pane window lets you see the troughs _ 
when introducing solvent through refill holes in the lid. 


- The Aat ton” Fhe cobliat in Fomnite-covered to give a du- 


2005 HOPKINS ST. 


HIGH QUALITY 
FEATURES 


a Glass wool insulation 





» Large capacity troughs 
a Full width drawer 


Formica lining 
Solvent refill holes 
Leveling feet 








_ The RSCo Model 125 combines all 

- the functional features which for 

| years’ have characterized Chroma- 

| tocabs as the outstanding value 
in paper chromatography. 
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sec., T. N. E. Greville; treas., Robert J. 
Bickel. The vice presidents are Brock- 
way McMillan and Donald L. Thom- 
sen, Jr. The representative to the AAAS 
Council is Mina Rees. 


™ Tennessee Academy of Science: past 
pres., Isabel H. Tipton, Department of 
Physics, University of Tennessee; pres., 
Arlo I. Smith, Department of Biology, 
Southwestern University; _ pres.-elect, 
Robert T. Lagemann, Department of 
Physics, Vanderbilt University; sec., 
Wendell G. Holladay, Department of 
Physics, Vanderbilt University, Nash- 
ville, Tenn.; treas., Harris J. Dark, De- 
partment of Mathematics, Middle Ten- 
nessee State College. The representative 
to the AAAS Council is Clinton L. 
Baker, Department of Biology, South- 
western University, Tenn. 


®Society of American Bacteriologists: 
pres., Harry Eagle, National Institutes 
of Health; v. pres., P. R. Edwards, En- 
teric Bacteriology Unit, Chamblee, Ga.; 
sec., E. M. Foster, 311 Bacteriology, 
University of Wisconsin, Madison 6, 
Wis.; treas., John Hays Bailey, Sterling- 
Winthrop Research Institute, Rensselaer, 
N.Y. The representatives to the AAAS 
Council are R. E. Hungate, University 
of California, and S. Mudd, University 
of Pennsylvania. 


“American Society of Criminology: 
pres., John P. Kenney, University of 
Southern California; sec.-treas., William 
Dienstein, Fresno State College, Fresno 
26, Calif. The vice presidents are Clyde 
B. Vedder, University of Arizona; Rich- 
ard A. Myren, Department of Police 
Administration, Indiana University; 
Vernon Fox, Florida State University; 
and Donal E. J. MacNamara, New 
York Institute of Criminology, who is 
also representative to the AAAS Council. 


Forthcoming Events 
May 


8. Association of Vitamin Chemists, 
Chicago, Ill. (A. E. Denton, Research 
Labs., Swift & Co., Chicago 9.) 

8-9. Colorado-Wyoming Acad. of Sci- 
ence, annual, Denver, Colo. (R. G. Beid- 
leman, Zoology Dept., Colorado College, 
Colorado Springs. ) 

8-10. Illinois State Academy of Science, 
51st annual, Urbana. (R. A. Evers, II- 
linois Natural History Survey, Urbana.) 

11-16. Social Welfare, natl. conf., Chi- 
cago, Ill. (National Conf. on Social Wel- 
fare, 22 W. Gay St., Columbus 15, Ohio. 

12-14, High Polymer Forum, 8th Ca- 
nadian, Ste. Anne de Bellevue, Quebec. 
(M. H. Jones, Dept. of Chemistry, On- 
tario Research Foundation, 43 Queens 
Park, Toronto 5, Ont.) 

12-14. Instrumental Methods of Analy- 
sis, internatl. Symp., Houston, Tex. (H. 
S. Kindler, Instrument Soc.of America, 
313 Sixth Ave., Pittsburgh, Pa.) 
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Clear Fused Quartz 
(OLD iico)gam ar] elaler-he-ve} 
Tam @xelanlantciaeitc] 
fo} a ©) 0) dler-] Mel a-lel-1s) 


Fused Quartz provides high 
transparency, high transmis- 
sion of ultra-violet and thermal 
properties particularly adapt- 
able for special light sources in 
therapeutic and photochemical 
equipment. Resists scratching 
and weathering; has excellent 
mechanical strength. 


Let Dell supply 
Fused Quartz for — 


e Absorption Cell Plates 
e Windows e Electrical Insulators 


e Plungers e ath Slides 
e Cover Slips @ Cell Spacers 
e Phase Shifters Delay Lines 


Complete Optical Service 
on Precision Glass 
Fabrication including — 


e IR Domes e Filters e Prisms 


e Lenses @ Opticai Flats 
@ Mirrors e Commercial Flats 
e Windows’ e Attenuator Blanks 


Precision drilling a specialty — 
tolerances held to specifica- 
tions. Technical assistance is 
available to help solve your 
problems. Send for brochure. 


DELL OPTICS 
co. LIMITED 


327 55th ST., WEST NEW YORK 
NEW JERSEY—Tel. UNion 7-1599 
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12-14. Research Methods and Instru- 
mentation Symp., 8th annual, Bethesda, 
Md. (J. B. Davis, National Institutes of 
Health, Bethesda 14.) 

12-16. American Psychiatric Assoc., an- 
nual, San Francisco, Calif. (D. Blain, 
APA, 1785 Massachusetts Ave., NW, 
Washington 6.) 

14, American Acad. of Arts and Sci- 
ences, Brookline, Mass. (R. W. Burhoe, 
280 Newton St., Brookline 46. ) 

14-16. Society for Experimental Stress 
Analysis, Cleveland, Ohio. (W. M. Mur- 
ray, P.O. Box 168, Cambridge 39, Mass. ) 

14-24. European Acad. of Allergy, The 
Hague, Netherlands. (EAA, 17 Em- 
malaan, Utrecht, Netherlands. ) 

15-16. Operations Research Soc. of 
America, Boston, Mass. (M. L. Ernst, Box 
2176, Potomac Station, Alexandria, Va.) 

15-17. Basal Ganglia Surgery for In- 
voluntary Movement Disorders, symp., 
New York. (Miss D. P. Frome, Office of 
Public Relations, New York University- 
Bellevue Medical Center, 550 First Ave., 
New York 16.) 

18-24. Sanitary Engineering, 6th Inter- 
American Cong., San Juan, Puerot Rico. 
(E. Ortega, Box 218, San Juan.) 

19-21. American. Trudeau Soc., 53rd 
annual, Philadelphia, Pa. (K. R. Boucot, 
Woman’s Medical College, Philadelphia. ) 

19-23. Gas Chromatography, 2nd 
symp., Amsterdam, Netherlands. (G. Dijk- 
stra, Postbox 114, Vlaardingen, Nether- 
lands. ) 

20-22. Biosynthesis of Terpenes and 
Sterols, Ciba Foundation symp. (by invi- 
tation), London, England. (G. E. W. 
Wolstenholm, 41 Porltand Pl., London, 
W.1.) 

20-24. American College of Cardiology, 
7th annual, St. Louis, Mo. (P. Reichert, 
ACC, Empire State Bldg., New York 1.) 

25-29. Air Pollution Control Assoc., 
5lst annual, Philadelphia, Pa. (H. M. 
Pier, APCA, 4400 Fifth Ave., Pittsburgh. ) 

25-29. Institute of Food Technologists, 
annual, Chicago, Ill. (C. S. Lawrence, 
IFT, 176 W. Adams St., Chicago 3.) 

25-31. International Soc. of Gastroen- 
terology, 3rd world cong., Washington, 
D.C. (H. M. Pollard, University Hospital, 
Ann Arbor, Mich.) 

26-28. American Soc. for Quality Con- 
trol, annual, Boston, Mass. (W. P. Young- 
claus, Jr., ASQC, 161 W. Wisconsin Ave., 
Milwaukee 3, Wis.) 

26-29. Comparative Endocrinology 
Symp., Cold Spring Harbor, N.Y. (Sym- 
posium of Comparative Endocrinology, 
Dept. of Zoology, Columbia Univ., New 
York 27.) 

27-31. Thermal and Hydraulic Power 
Stations, Liége, Belgium. (A. Biron, 1, 
rue de Spa, Liége.) 

28-8. European Federation of Chemical 
Engineering, 2nd cong., Brussels, Belgium 
and Frankfurt/Main, Germany. (Deutsche 
Gesellschaft fiir Chemisches Apparatewe- 
sen, Rheingau-Allee 25, Frankfurt/Main. ) 

29-31. American Acad. of Dental Med- 
icine, 12th annual, Montreal, Canada. 
(G. Witkin; AADM, 45 S. Broadway, 
Yonkers 2, N.Y.) 

31-8. European Federation of Corro- 
sion, 2nd cong., Frankfurt/Main, Ger- 
many. (Gesellschaft Deutscher Chemiker, 
Haus der Chemie, Karlstrasse 21, Frank- 
furt/Main. ) 
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BLICKMAN 


VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 
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siickman FUME HOOD 


Originally designed and devel- 
oped for the AEC, this Fume 
Hood assures maximum safety in 
the handling of radioactive ma- 
terials and radioactive isotopes. 
Sturdy 14-gauge stainless steel, 
round corner construction pro- 
vides long life...easy cleaning and 
decontamination. Send for Tech- 
nical Bulletin E-3. S. Blickman, 
Inc., 6904 Gregory Avenue, Wee- 
hawken, N. J. 





SEE US AT: Biology Convention, Trade and Convention 
Center, Philadelphia, Pa., Booths #+125, #126, April 1418. 


BLICKMAN 


LABORATORY EQUIPMENT 





Look fer this symbol! of quality Blickman-Built 
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FOR 


@ © MIXING @ HOMOGENIZATION 
@ © DISPERSIONS @ DEFIBRATIONS 

3 @ EMULSIFICATIONS @ EXTRACTIONS 

3 @ CHEMICAL REACTIONS. 





This new Swiss-designed, precision- 
machined rotor-stator assembly greatly 
expands the usefulness of your Waring 
Blendor. The three-blade rotor, forcing 
material through the eight slots of the 
Stator, gives you a high speed shearing 
action for faster mixing, homogenizing. 


FITS STANDARD WARING 
BLENDOR MOTOR BASE 


‘Designed for use in 
standard Waring Clo- 
verleaf Jar; supplied 
assembled in jar or 
separately for mount- 
ing in your own jar. 









La 
i, 
BALL MASON JAR MOUNT Cy 


Special mounting fits Waring Blendor, 
holds quart size Ball Mason Jar. Useful 
for multiple samples or for excluding air 
from material. 
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Model BEW-S5 incl. Stator and Rotor Assembly 4 
mounting in Waring Cloverleaf Jars ..... $78.5 


Model BEW-10—complete Assembly mounted : 
new Waring Cloverleaf Jar ............ $81.50 


Model BEW-15—Assembly with mount and mery 
for use with Ball Mason Jars .......... $98.50 
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BRONWILL 


SCIENTIFIC DIVISION 


WILL CORPORATION 
P.O. BOX 127, BRIGHTON STATION 
ROCHESTER 10, N.Y 











June 


2-4, Telemetering Conf., 6th natl., 
Baltimore, Md. (G. M. Thynell, Applied 
Physics Lab., Johns Hopkins Univ., Silver 
Spring, Md. ) 

2-5. American Nuclear Soc., 4th an- 
nual, Los Angeles, Calif. (ANS, P.O. Box 
963, Oak Ridge, Tenn.) 

2-6. Mass Spectrometry, 6th meeting, 
New Orleans, La. (R. A. Friedel, U.S. 
Bureau of Mines, 4800 Forbes St., Pitts- 
burgh 13, Pa.) 

2-6. Medical Library Assoc., 57th an- 
nual, Rochester, Minn. (T. E. Keys, Li- 
brarian, Mayo Clinic, Rochester. ) 

2-6. Peaceful Uses of Atomic Energy 
in Australia, symp., Sydney, N.S.W. (Aus- 
tralian Atomic Energy Commission Re- 
search Establishment, Private Mail Bag, 
Sutherland, New South Wales. ) 

2-7. Mechanical Engineering, 7th in- 
ternatl. cong., Scheveningen, Netherlands. 
(International: Mechanical Engineering 
Cong., 10, avenue Hoche, Paris 8°, 
France. ) 

8-12. Special Libraries Assoc., annual, 
Chicago, Ill. (M. E. Lucius, SLA, 31 E. 
10 St., New York 3.) 

9-11. American Assoc. of Spectrograph- 
ers, 9th annual symp., Chicago, Ill. (H. 
J. Hettel, Armour Research Foundation, 
10 W. 35 St., Chicago 16.) 

9-11. Canadian Federation of Biologi- 
cal Societies, Ist annual; with Canadian 
Assoc. of Anatomists, Canadian Biochem- 
ical Soc., Canadian Physiological Soc., 
and Pharmacological Soc. of Canada; 
Kingston, Ontario. (E. H. Bensley, Mont- 
real General Hospital, 1650 Cedar Ave., 
Montreal 25, P.Q.) 

9-11. Health Physics Soc., 3rd annual, 
Berkeley, Calif. (E. E. Anderson, Oak 
Ridge National Lab., Oak Ridge, Tenn.) 

9-11. Soc. of General Physiologists, 
Woods Hole, Mass. (F. G. Sherman, 
Dept. of Biology, Brown Univ., Provi- 
dence 12, R.I.) 

9-12. Microscopy Symposium, 5th, Chi- 
cago, Ill. (W. C. McCrone, Jr., 500 E. 
33 St., Chicago 16.) 

9-13. Automation Exposition and 
Cong., 4th Internatl., New York. (Inter- 
national Automation Exposition, c/o 
Richard Rimbach Assoc., 845 Ridge Ave., 
Pittsburgh 12, Pa.) 

10-12. Astronomical Soc. of the Pacific, 
annual, Los Angeles, Calif. (S. Einarsson, 
Leuschner Observatory, Univ. of Cali- 
fornia, Berkeley 4.) 

10-13. Vacuum Techniques, lst inter- 
natl. congress, Namur, Belgium. (E. 
Thomas, c/o CSN/ERM, 30, avenue: de 
la Renaissance, Brussels 4, Belgium. ) 

11-14. Applied Mechanics, 3rd _ natl. 
Cong., Providence, R.I. (W. Prager, 
Brown Univ., Providence 12.) 

11-14, National Soc. of Professional 
Engineers, St. Louis, Mo. (P. H. Robbins, 
NSPE, 2029 K St., NW, Washington, 
D.C.) 

14-21. American Soc. of Medical Tech- 
nologists, annual, Milwaukee, Wis. (Miss 
R. Matthaei, Suite 25, Hermann Profes- 
sional Bldg., Houston 25, Tex. ) 

15-19. American Soc. of Mechanical 
Engineers, semiannual, Detroit, Mich. 
(O. B. Schier, II, ASME, 29 W. 39 St., 
New York 18.) 





15-19. Cancer Research Conf., 3rd 
Canadian, Honey Harbour, Ontario. (R. 
L. Noble, Collip Medical Research Lab., 
Univ. of Western Ontario, London, Ont., 
Canada.) 

15-20. American Physical Therapy As- 
soc., annual, Seattle, Wash. (Miss M. 
E. Haskell, APTA, 1790 Broadway, New 
York 19.) 

16-18. Military Electronics Conv., 2nd, 
Washington, D.C. (G. Rappaport, Emer- 
son Radio & Phonograph Corp., 1140 
East-West Highway, Silver Spring, Md.) 

16-18. Photochemical Apparatus Symp., 
Upton, N.Y. (R. C. Fuller, Biology Dept., 
Brookhaven National Laboratory, Upton, 
L.1.) 

16-20. American Soc. for Engineering 
Education, annual, Berkeley, Calif. (W. 
L. Collins, Univ. of Illinois, Urbana.) 

16-20. Association of Official Seed 
Analysts, annual, Montreal, Quebec, 
Canada. (L. C. Shenberger, Seed Lab., 
Dept. of Agricultural Chemistry, Purdue 
Univ., Lafayette, Ind.) 

16-20. Molecular Structure and Spec- 
troscopy Symp., Columbus, Ohio. (R. A. 


Oetjen, Dept. of Physics and Astronomy, . 


Ohio State Univ., Columbus 10.) 

16-20. Pacific Div., AAAS, annual, 
Logan, Utah. (R. C. Miller, California 
Acad. of Sciences, Golden Gate Park, San 
Francisco 18.) 

17-19. American Dairy Science Assoc., 
annual, Raleigh, N.C. (H. F. Judkins, 
32 Ridgeway Circle, White Plains, N.Y.) 

17-19. American Meteorological Soc., 
with Pacific Div., AAAS, Logan, Utah. 
(K. C. Spengler, AMS, 3 Joy St., Boston 
8, Mass.) 

18-21. College Physicists, 20th annual 
colloquium, Iowa City, Iowa. (J. A. Van 
Allen, Dept. of Physics, State Univ. of 
Iowa, Iowa City.) 

18-22. American College of Chest 
Physicians, annual, San Francisco, Calif. 
(M. Kornfeld, ACCP, 112 E. Chestnut 
St., Chicago 11, Ill.) 

19-21. Endocrine Soc., 40th annual, 
San Francisco, Calif. (H. H. Turner, 
1200 N. Walker St., Oklahoma City 3, 
Okla. ) 

19-21. Society of Nuclear Medicine, 
5th annual, Los Angeles, Calif. (R. W. 
Lackey, 452 Metropolitan Bldg., Denver, 
Colo. ) 

19-25. Scandinavian-American Meteor- 
ological Meeting, Bergen, Norway. (K. C. 
Spengler, 3 Joy St., Boston, Mass.) 

21-22. Society for Investigative Der- 
matology, annual, San Francisco, Calif. 
(H. Beerman, 255 S. 17 St., Philadel- 
phia 3, Pa.) 

22-25, American Soc. of Agricultural 
Engineers, 51st annual, Santa Barbara, 
Calif. (J. L. Butt, ASAE, St. Joseph, 
Mich. ) 

22-27. American Inst. of Chemical En- 
gineers, 50th anniversary, Philadelphia, 
Pa. (F. J. Van Antwerpen, AIChE, 25 
W. 45 St., New York 36.) 

22-27. American Soc. for Testing Ma- 
terials, 61st annual, Boston, Mass. (F. F. 
Van Atta, ASTM, 1916 Race St., Phila- 
delphia 3, Pa.) 

23-25. American Soc. of Heating and 
Air-Conditioning Engineers, semiannual, 
Minneapolis, Minn. (A. V. Hutchinson, 
ASHAE, 62 Worth St., New York 13.) 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the items listed appears on page 894. 


HE REFRIGERATION CHAMBER provides a 
temperature adjustable from —10° to 
-70°F for low-temperature metal cur- 
ing. Volume is 5 ft. The chamber is 
separate from the refrigeration equip- 
ment and is connected to the latter by a 
6- by 6-in. duct. Net thermal capacity is 
500 btu/hr at — 70°F. (Cincinnati Sub- 
Zero Products, Dept. S973) 


™COUNTER-TIMER is a completely tran- 
sistorized instrument with in-line read- 
out, Frequency is measured from 0 to 
150 kcy/sec. Predetermined counting 
may be performed to 9999 with exten- 
sion in steps of 10, or 100 with external 
count gating. The instrument may also 
be used as a preset interval generator, 


producing delay or interval pulses from | 


10 usec to 10 sec in 10-usec steps. (Pot- 
ter Instrument Co., Inc., Dept. $988) 


"OUTPUT PRINTER for use with comput- 
ers and data-handling equipment is ca- 
pable of printing 10 lines of 120 alpha- 
numerical characters per second. Up to 
63 different characters are available. 
(Potter Instrument Co., Inc., Dept. 
$989) 


"stopcock provides continuously vari- 
able flow adjustment over a broad range 
of liquid or gas flow. The stopcock con- 
sists of a precision-bore cylindrical bar- 
rel and a matching plug. A groove is 
used on the plug instead of the usual 
bore. Rotation of the plug moves it 
axially in the barrel, matching the groove 
to the inlet and outlet. (Wilmad Glass 
Co., Dept. S990} 


"DUAL SPECTROMETER permits measure- 
ment of the ratio of two isotopes in a 
radioactive sample. The instrument uses 
two scalers, two single-channel analyzers, 
a power supply, a linear amplifier, and a 
preamplifier. The two scalers, each of 
which counts one of the isotopes, are 
both controlled by a single timer, Count 
preset on one of the scalers allows direct 
indication of ratio, (Technical Measure- 
ments Corp., Dept. S994) 


"MICROFILM SEARCHING MACHINE searches 
up to 72,000 16-mm film frames to se- 
lect the particular frames sought on the 
basis of coded information recorded on 
the film alongside each frame and dis- 
plays the frame on a viewer screen. A 
binary code of 32 bits is used. Indexing 
information is established by means of 
a self-contained keyboard. Depression of 
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Latest advance in 
LOW LEVEL BETA COUNTING 
a fallout 


m C-14 


m activation analysts 








Tracerlab 


OFFERS PROVEN 


PERFORMANCE 
with its 


CE-14 low background 
Beta counting system. 


GUARANTEED: 
@ less than 1 cpm background 
@ plateau slope of 1% or less 
@ plateau length of 200, min. 


ONE 
COMPLETE SYSTEM 
OFFERS: 
@ two separate counting chambers 


e ‘zero background” thin window 
epoxy resin flow counters (less than 
1 mg/cm?) 


@ eleven tube anticoincidence umbrella 
e@ 8" steel shield with rolling door access 


e@ three channel anticoincidence scaler 
with timer 


e@ regulated high voltage supply with 
three outputs 





@ simultaneous counting of two different 
samples 


ELEVEN TUBE ANTICOINCIDENCE 


UMBRELLA @ background of less than 1 cpm 
Write for bulletin 
no. 81 
) 


Z Z. is 
— 
C Heap ron Rd., Dept. D, Waltham 54, Mass. 
TaC if 2030 Wright Avenue, Richmond 3, Calif. 
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a search bar initiates the scanning opera- 
tion. Scanning speed is 60 in./sec and ac- 
celeration and deceleration each con- 
sume 1.5 sec. The frame, when found, is 
positioned with accuracy of +0.02 in. 
The optical projection system produces 
a 50-fold enlarged image on a_ back- 
lighted screen which may be viewed in 
a normally lighted room. (Benson-Leh- 
ner Corp., Dept. 4) 


™ COUNTER-TIMER measures frequency to 
1 Mcy/sec, time and period in 1-psec in- 
crements, phase angle in 0.1-deg incre- 
ments, and counts events to seven digits. 
Data are displayed by a linear array of 
numeral-electrode neon tubes. Beam 
switching tubes are used for counting. 
(Systron Corporation, Dept. $992) 


® SPECTROMETER RADIOGRAPH is a mobile 
unit designed to measure radiation in 
medical applications such as studies of 
thyroid uptake and location of, metas- 
tases. The instrument consists of a sin- 


gle-channel spectrometer, a scintillation 
probe with a 2-by-2-in. Nal crystal, and 
a counter-balanced holder for the detec- 
tor. The channel for selection of pulses 
is defined by front-panel controls. (NRD 
Instrument Co., Dept. S999) 


™ SILVER CHROMATE AGAR PLATE tests for 
cystic fibrosis by detecting abnormally 
high electrolyte concentration in skin ex- 
cretion. A yellow-white discoloration of 
the plate is produced in a finger or hand 
imprint on the plate when high chloride 
is present. (Hyland Laboratories, Dept. 
13) 


MISOLATION OF SURFACE FILMS from 
metals is aided by two ready-prepared 
reagent solutions. Iodine-methanol solu- 
tion serves for isolation of films from 
aluminum alloys containing no copper. 
Iodine-methanol sulfosalicylic acid so- 
lution serves similarly for aluminum- 
copper alloys. (Fisher Scientific Co., 
Dept. 2) 





MSTANDARD-CELL OVEN provides tem- 
perature regulation of +0.01°C, short- 
term, permitting 2-yv stability in stand- 
ard-cell voltage. Long-term regulation is 
+0.05°C. Enclosure temperature can be 
measured to +0.005°C by means of a 
built-in resistance bridge. Three cells are 
accommodated in the enclosure space 
which measures 61/4 by 3 by 3 in. Heater 
supply is 24 to 28 v d-c. (Julie Research 
Laboratories, Inc., Dept. $991) 


™ RADIOGRAPHY UNIT can be operated at 
full load continuously for 50 min. The 
equipment is portable, the power supply 
weighing 45 lb and the x-ray generator 
and tube weighing 55 lb. The focal spot 
is 1 mm in diameter, and the radiation 
angle is 42 deg. Excitation voltage is con- 
tinuously variable between 30 and 100 
kv. The tube housing is shock proof and 
radiation-proof. (Philips Electronics, 
Inc., Dept. 10) 

JosHUA STERN 
National Bureau of Standards 








PERSONNEL PLACEMENT 














CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday cf every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


| FLO Wseaxes iil 


Biologists: Teaching fellowships available 1958- 
1959 for male college graduates in small New 
England liberal arts college for men; $3000. 
Box 109, SCIENCE, xX 


$26.00 per inch 
24.00 per inch 




















Fellowship: 2-year tenure, 1 July 1958, for 
D.V.M. postdoctoral opportunity for training in 
virus diseases and for research on etiology, patho- 
genesis and epizootiology of animal diseases. In- 
dependent research one-half time. Stipend $5000 
per annum, tax exempt. Box 96, SCIENCE. 
4/11, 


ill POSITIONS WANTED jill 


Bacteriologist, Ph.D. Desires ocking. position 
/ 








in biological sciences at college, ox 108, 
SCIENCE 4/25; 5/2 





Biochemist: M.S. (Biochemistry), 10 years, 
chemist, large industrial company; 4 years, di- 
rector of biochemistry, government research unit. 
Medical Bureau, Burneice Larson, Director, 900 
North Michigan, Chicago. x 





Comparative Pathologist, Microbiologist, D.V.M., 
Ph.D. Teaching, research experience, publica- 
tions. Desires teaching or research. Box 106 
SCIENCE, 4/28 
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iil POSITIONS WANTED ||| 


Medical Entomologist, Parasitologist, 40, Ph.D. 
C.A.P. and E. (London School of Hygiene and 
Tropical Medicine). Associate professor in med- 
ical school desires teaching and research posi- 
tion in entomology and/or zoology or biology 
department, medical school, school of public 
health, or industrial position. Fifteen years of 
teaching; research in tropical and arctic areas; 
numerous publications; recipient of many fel- 
lowships and research grants. Box 86, 
SCIENCE. 4/18 








Microbiologist-Biochemist; Ph.D., desires posi- 
tion Director of Enzyme Research and Develop- 
ment with industrial or pharmaceutical company. 
Box 105, SCIENCE. x 





Pharmacologist, Ph.D., 33. Seeks academic posi- 
tion teaching pharmacology and research in a 
medical institution; 6 years’ industrial experi- 
ence, publications, and 2 years’ experience in 
teaching medical and dental pharmacology. Avail- 
able 15 June 1958. Box 107, SCIENCE. x 





Science Writer-Interpreter seeks new challenge. 
Ph.D. behavioral and life sciences. Author, docu- 
mentalist, linguist. Will write surveys, memo- 
randa, résumés; design science exhibits. Box 
104, SCIENCE. 5/9 





Social Psychologist, Ph.D., seeks academic or 

research position permitting decision making, 

game theory research. Box 99, SCIENCE. y 
4/18 


MII POStTtONS OPEN |i 


Two new openings in Research Li- 
brary, Detroit, Michigan, with possi- 
bility of transfer to new medical 
He unit at Ann Arbor, Michigan, 
n 











1. Cataloger with thorough back- 
ground in classification. 
MLS degree and background in 
science or science degree. 
2. Reference Librarian 
Science degree with library back- 
ground or training. 
Applicants should have oy in 
industry or other special library and 
ability to assume responsibility for 
respective functions. French and Ger- 
man required, 
Liberal salary and benefit plans, 


Send résumé to Personnel Department, 
Parke, Davis & Company, Detroit 32, 
Michigan. 

















IMl| POStrIONS OPEN || 


(a) Clinical Bacteriologist; set up, supervise 
laboratory, excellent opportunity for additional, 
considerable independent research; 130-bed gen- 
eral hospital, very complete facilities; to $8000 
or more; midwestern resort community. (b) As- 
sociate Organic Chemist; D. for research 
synthetic organic chemistry; minimum $7000; 

ast. (c) Chief Clinical Chemist; M.A., Ph.D. 
to head laboratory, 250-bed general hospital; 
teach students in approved technology school; 
western university center. (d) Toxicologist; 
M.D., Ph.D. to head department, mideastern 
pharmaceutical concern; $8500 up. (e) Chief 
Biochemist; Ph.D. to initiate, coordinate basic, 
clinical research; large general hospital; to 
$8600; Southeast central city. Woodward Medi- 
cal Bureau, Ann Woodward, Director, 185 North 
Wabash, Chicago. xX 


(a) Clinical Research Physician; responsibilities 
include evaluation of company data from medical 
standpoint on new drugs, initiation of preliminary 
as well as extensive clinical studies of new 
drugs; writing for technical journals; some 
travel, 10 to 25 percent; East. (b) Head, De- 
artment of Endocrinology and, also, Section 
ead; one of leading companies; Ph.D. M.D., 
or equivalency with training in endocrinology re- 
search; salaries, respectively, $10,000 or above 
and $7200-$9000; Middle West. (c) 
Technologist, ACP with B.A. or M.A. in chem- 
istry; 400-bed hospital; vicinity New York City. 
(d) Chairman, Department of Biology and As- 
sistant Professor, physical chemistry; Ph.D.’s 
with experience in bmn and research; uni- 
versity, foreign country; all teaching in English. 
S4-3 Medical Bureau, Burneice Larson, Direc- 
tor, 900 North Michigan Avenue, Chicago. X 


NEW WORLD-WIDE SUMMER PLACE- 
MENT DIRECTORY. Thousands of oppor- 
tunities in all states, many forei: lands for 
science teachers, and so forth, who have the 

free. Includes study awards, industry, 
camps, resorts, ranches, travel tour agencies; 
earning free trips to Europe, and so forth, Earn, 
learn, and travel while you vacation. Complete 
information, including salaries. Send $2 now. 
CRUSADE, Sci., Box 99, Station G, Brooklyn 

a cow 

















UNIVERSITY OF SASKATCHEWAN 
COLLEGE OF MEDICINE 
DEPARTMENT OF ANAESTHESIA 
Physiologist, _Pharmacologist or Biochemist 
(Ph.D. or M.D.) required to direct newly estab- 
lished Anaesthesia Research Laboratory. Some 
teaching assignments to undergraduate and post- 
graduate students. Salary depending upon ex- 
Ps sce For full particulars write to Gordon M. 

yant, F.F.A.R.C.S., Professor of Anaesthesia, 
University of Saskatchewan, Saskatoon, Sas- 
katchewan, Canada. 4/23; 5/2 
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tii POstTrONS OPEN |i 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearl: 
(12 issues) membership, $5.00. CR RUSADE, 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 








Virus Research: M.D. or Ph.D. interested in 
infectious diseases, basic studies on mechanisms 
of infection and on etiology, pathogenesis and 
epidemiology of virus diseases of infancy and 
childhood. Excellent facilities. Salary and rank 
open on basis of candidate’ : sae atone. Starts 
1 4x 1958. Box 97, SCIENCE. 4/11, 18 








The Market Place 


BOOKS + SERVICES » SUPPLIES » EQUIPMENT 








DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 


$26.00 per inch 
24.00 per inch 
23.00 per inch 
22.00 per inch 
For PROOFS on Sa ge ads, copy must 


reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














| BOOKS AND MAGAZINES || 





Your sets and files of 
scientific journals 


are need our Ag and institutional cus- 
tomers. 4 send ts and description of 


gene files you are v wil Ae CRNNE high mar 
et prices. Write Dept. A 
Boston gk Bed 








Ill SUPPLIES AND EQUIPMENT |i 


CHERRY HILL FARMS 


RATS 





MICE 
RABBITS 
GUINEA PIGS 


P.O. BOX 840 CAMDEN, N.J. 








e HYPOPHYSECTOMIZED RATS 
a yh) to all — via Air Express 


information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill 


albino rats” =< 
Pang we of ms f : 


istar Strains 
e 
Hypophysectomised 
Rats 











a 
HENRY L. FOSTER, D.V.M. 
President and Director 
THE CHARLES RIVER BREEDING LABS. 
P.O. Box P, Brookline 46, Mass. 
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LOVINS MICRO-SLIDE FIELD FINDER 


Ask for Bull. LMS, W. & L. £. Gurley, Troy, N.Y. 








Now available “ad from 
the manufacturer . . 





Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madison 5, Wisconsin 
Phone: CEdar 3-5318 





PIELD Pinder 
MO. 201000180, 





ouver * 
W. at. &.6URLEY 
eevee mare 
TROY. YUBA 


















AMINO ACIDS (814 


Gus. ISOTOPES 
P.O. Box 688, Burbank, Catifornia 





MICROSLIDES 


Insects, Marine Life, Zoological, Bo- 
tanical, British Fresh Water Algai 
FREE Send for Complete List FREE 


ESBE LABORATORY SUPPLIES 
INC 459 Bloor St., W., 
Toronto, Ontario, Canada 


and other tagged compounds 
OF HIGH RADIOPURITY 
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Readers Servi 
Neaders ervice 


Information Requisition 


Use this easy self-mailer to obtain further information 
It’s simple: Mark — Clip — Fold — Mail 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


From: 
TROD ea lerel hola Sth: cs, i'ei's:0 © cumtala:s Seer ONION 3 0c bic da nna baum 
COIs kok 3 5 vs vs a Saw we slclemie bere ain cela ne cae ee 
RN OMNE 0 ile ogo wise usd la 5.n)s 0 de wie 8d ate Bales ieee sage a Re ote eS 
RT Se Ta ged ON SRE ROE WE RI ye PAP 


(Please print or type) 


Mark, clip coupon — FOLD HERE along this line — stamp, mail 





STAMP 





To: 


Readers. Service 
SCIENCE MAGAZINE 
Room 740 
11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 











||| PROFESSIONAL SERVICES ||| 








camaro 8504, ——— ‘ 
g STOXICITY TESTS 
~ ; following FDA procedures, for 


ae chemicals, foods, drugs, cosmetics, 
pesticides, additives. Biological assays. 
Screening tests. Complete research and develop- 
ment services. No obligation for estimates. 
Call or write Arthur D. Herrick, Director. 


NEW DRUG INSTITUTE 





130 East 59 St., New York 22 © Mu 8-0640 











ANALYSES | 
EVALUATIONS, CONSULTATION 
MAURICE AVE. at 58th ST., MASPETH 78, N.Y.C. 
>< Formerly FOOD RESEARCH LABORATORIES, INC. 
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TRUESDAIL 
LABORATORIES, INC. 


Chemists - Bacteriologists - Engineers 


Request Brochure and Publication 
CHEMISTRY IN ACTION, on letterhead 














Roger W. Truesdail, Ph.D., President ~ 
Cc. E. P. Jeffreys, Ph.D., Technical Director 


AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.Y.—One of the nation’s largest 
book publishers is seeking manuscripts of all types 
—fiction, non-fiction, poetry. Special attention to 
new writers. If your work is ready for publication, 
send for booklet—S458—it’s free. Vantage Press, 
120 W. 31st St., New York 1. 
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Use this easy self-mailer to obtain further information about 


items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


$973 
$994 


$988 $989 
$999 2 


ADVERTISERS IN THIS ISSUE 


$990 


4 10 13 


Check page number in list below of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C, etc.) 
are used to indicate particular items available in order of appearance in adver- 
tisement. Where more than one ad appears on a page, ‘‘U”’ indicates upper ad, 
**L”? lower ad, “‘l’’ inside ad, ‘“‘M”’ middle ad, and ‘O”’ outside ad. Adver- 
tisements in Personnel Placement and Market Place are not keyed. A mul- 
tiplicity of items is indicated by *. Readers are requested to specify on this 
coupon the particular item in which they are interested; otherwise, the re- 


quest cannot be processed. 


0) 834 0 835 0 836* 

0 881* 0 882,A 0 882,B 

0 884 0 8851U O 8850U 

0 886,B O 887 0 888 

1) 890* 0 891 0D 895 
894 


0 837* 0 838* 0 840 

0 883,A 0 883,B 0 883,C 
0 885lL,A 0 885L,B 0 886,A 
0 889i* 0 8890,A CO 8890,B 
0D 896 


$991 $992 | 
i 











ALCOHOLISM: 


Basic Aspects and 
Treatment 1957 


Editor: Harold E. Himwich, 
Galesburg State Research 
Hospital 


Introduction: Chauncey D. Leake, 
Ohio State University 


6 x 9, 220 pp., 33 illus., 


references, index, cloth 


Price $5.75 AAAS members 
prepaid order price $5.00 


A symposium held under the 
auspices of the American As- 
sociation for the Advance- 
ment of Science in coopera- 
tion with the American 
Psychiatric Association and 
the American Physiological 
Society and presented at the 
Atlanta Meeting, December 
1955. 


From the Reviews: 


Merrill Moore in Psycho- 
somatic Medicine: “This book 
is the latest and one of the 
most authoritative documents 
on this subject to be pub- 
lished. It is completely up-to- 
date and includes all the re- 
cently discovered methods in 
the basic aspects and treat- 
ment of alcoholism . . . The 
book is well organized and 
written in such a way that 
anyone with a background in 
general science and the hu- 
manities can understand it.” 


Journal of the American 
Medical Association: “It is 
an encouraging report, the 
first of several planned, using 
a sound multidisciplinary ap- 
proach. It should be of great 
value to all who are interested 
in either the research or clini- 
cal aspects of this disease.” 


American Association for the 
Advancement of Science 
1515 Massachusetts Ave., NW, 
Washington 5, D.C. 
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Shown at right are traces (2-3) of a polystyrene sample made 
at a speed of 15 spectra per second over a scan interval of 
6.8-13 microns. Specifications for a rapid scan instrument 
vary according to the use to which the instrument is to be 
put. A typical instrument has a wave length range of 0.20 
to 13.5 microns with fused silica or NaCl prism; effective 
aperture of f/5.0; scanning frequency adjustable from 2.5 to 
90 cycles per second; and scan interval continuously adjust 
able from essentially zero to the complete wave length range. 











ba this rapid-scan spectrometer 
” 
RECORDS 15 SPECTRA / SECOND IN THE FAR INFRARED 
an 
is 
he For combustion analyses, for gas emission studies, for to fill each function, Perkin-Elmer can supply an in- 
ing analyses of continuing reactions — the Perkin-Elmer strument to analyze any part of the electro-magnetic 
up- Rapid Scan Spectrometer offers performance unob- spectrum from ultraviolet through infrared, with scan 
eat tainable with conventional instruments. Here’s how speeds from 5 to 180 spectra per second. 
ted Perkin-Elmer’s “building block” concept makes pos- The “building block” concept is a result of Perkin- 
ni- sible the unusual versatility of the Rapid Scan Elmer’s long leadership in the field of spectroscopic 
Spectrometer: instrumentation. It enables Perkin-Elmer to build an 
The Rapid Scan Spectrometer is a Perkin-Elmer instrument to solve almost any specialized problem in 
“building block” instrument — that is, an instrument spectrometric analysis. For information on individual 
h composed of the advanced spectrometric components components or complete instruments, write us at 910 
the — or building blocks — which Perkin-Elmer has devel- Main Avenue, Norwalk, Conn. 
ce oped for use in custom built instruments for special- 
Ww ized analytical jobs. INSTRUMENT DIVISION 
NW, The P-E Rapid Scan Spectrometer consists of four 2 
components: a radiation source assembly, a rapid scan Per k in-E Imer Conporeition 
monochrometer, a radiation detection system and a NORWALK, CONNECTICUT 
—— read-out unit. By selecting the right building blocks 





The NEW AO-Baker Interference 
Microscope is the unique combina- 
tion of a double beam interferometer 


and polarizing microscope. It dra- 
matically provides for the precise 
ew bcd a @] examination of transparent speci- 


mens where detail is exhibited by 
variations in thickness or refractive 


INTERFERENCE ne 


With white light illumination, con- 
S ¢ TY) P E trast effects are greatly enhanced by 
M I C R fH) brilliant and variable color contrasts. 
Details show up as if differentially 

stained. 


With monochromatic or filtered 
light, interference contrasts can be 
varied from bright to dark and rel- 
ative optical thicknesses are measur- 
able to an optimum accuracy of 
1/300 wave length. 


Interference Contrast Microscopy 
like Phase Contrast Microscopy de- 
pends on the nature of the specimen 
detail to retard light — by virtue of 
refractive index and thickness—and 
does not depend on the property of 
the specimen to absorb light. In this 
connection the AO-Baker Interfer- 
ence Microscope is similar to the 
conventional Phase Contrast Micro- 
scope. 


The principle of the Phase Contrast 
Microscope depends upon light 
diffraction for its contrast effects — 
the AO-Baker Interference Micro- 
scope does not. By means of the 
unique built-in interferometer, mu- 
tually interfering beams are pro- 
duced, recombined, and if the two 
beams suffer relative retardation, 
readily visible contrast results. 


The AO-Baker Interference Micro- 
scope has already won acclaim and 
recognition as an important aid to 
the solution of a great variety of bio- 
logical and industrial microscopical 
problems. Most scientific workers 
were initially of the opinion that 
the Interference Microscope would 


have its greatest utility for solving 
If you need to examine or measure your maierial measurement problems. It now de- 
more effectively and precisely, we invite you to 
investigate this new advance in microscopy, 
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